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AUTOMATIC LACEn CCANtllHC CYCTCM AMD MCTIIOD O r SYSTEM FOR READING BAR CODE 
SYMBOLS USING SAM fiBAR CODE READERS 

HAVING RF SIGNAL TRANSMISSION LINKS WITH BASE STATIONS 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates gonorally to laacr aoanning ayatomo, and more 
particularly to an automatio to bar code symbol reading oyotcm in which an 
automatic hand oupportablc lancr an.mnnr nnn hn ni- n ^nv, utilized gj 

oithor a portable hand held lajci systems having one or more base stations or 
units, and one or more hand-held bar code symbol reading devices each 
remotely suitable from the ba se station (s) and capable of sending symbol 
character data over ooannor in an automatic "hando on" mode of operation, or 
ao a otationary laacr projection aoanncr in an automatic "hando free" mode of 
operation. distance (s) thereto. 

Brief Description of the Prior Art 

Bar code symbols have become widely used in many commercial environments such 
as, for example, point-of-sale (POS) stations in retail stores and 
supermarkets, inventory and document tracking, and diverse data control 
applications. To meet the growing demands of this recent technological 
innovation, bar code symbol readers of various types have been developed for 
scanning and decoding bar code symbol patterns and producing symbol character 
data for use as input in automated data processing systems. 

In general, prior art hand-held bar code symbol readers using laser scanning 
mechanisms can be classified into two major categories. 
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The first category of hand-held laser-based bar code symbol readers includes 
manually-actuated trigger-operated systems having lightweight, portable hand- 
held laser scanners which can be supported in the hand of the user. The user 
positions the hand-held laser scanner at a specified distance from the object 
bearing the bar code symbol, manually activates the scanner to initiate 
reading,- and then moves the scanner over other objects bearing bar code 
symbols to be read. Prior art bar code symbol readers illustrative of this 
first category are disclosed in U.S. Pat. Nos. 4,387,297 to Swartz; 4 575 625 
to Knowles; 4,845,349 to Cherry; 4,825,057 to Swartz, et al.; 4,903,848 to 
Knowles; 5,107,100 to Shepard, et al.; 5,080,456 to Katz, et al . ; and 
5,047,617 to Shepard^ et al. 

The second category of bar code a^-mbol rcadoro includca gyjtcmj having 
otQtionary laocr acanncra oupportcd on or built into an immovable otruoturG 
nuoh aa a oupGrmarlcct oountor. Thcac laocr aaannGro are rof erred to gj 
oountertop aoannera and typically utiliao a moving laoer beam to create a 
laocr ocan pattern. Each objcot bearing a bar oode oymbol to be read ij 
pricntcd by the uacr and then moved through the laocr acan pattern in order 
to road the bar oodo aymhol. Prior art bar code ai-mbol acannoro illuotrativc 
of thia OGoond oatcgorv arc diaolonnd in n r nni-nn<- Mnn ij^ggji-»c to Kingj 
41 960, 0 8 5 to Knowloo/ and ^, 713, 532 to Knowlea. 

While prior art hand held and otationary laacr aoanncra have played on 
important role in the development of the bar oodo ai-mbol induotry, thcj u 
dovioco have, however, oufferod from a number of ahortaomingo and dra^^ba c k.. 
For cuample, hand held laaer oonnnr.r.r, -|^^hn■,r,h jn^^i.-,^^. ^-^ ^i r i Ughttrcight, ai L 
not alwayo convenient to uae in aoaembly line applicationa where the uj ci 
proooooea bar ooded objecta over an eutonded period of time, or where th e 
uoer requireo the uao of hni-h h-mr i n n n^rin,- ^ p, n i p, ,] ,-, ti: the o bj cuLj In 
aomo applioationa, hand held laoer ooannora arc difficult to manipulate while 
□ imultanGouoly moving obiecto or pnrfnrTm-nj ni-hn.- t--,ni.n ^ p o int of jjlc 
terminal. Stationary laocr aoanncra, on the other hand, provide a deoircd 
dcgrGC of flcHibility in many applioationa by allowing the uacr to manipulaic 
bar coded objecta with both handa. llo v icver, by their nature, atationary Igj ci 
acanncro render acanning large, heavy objeota a difficult taolc aa ua c h 
obioGto muot bo manunlly mmmri in<-n r.^ t-h^n.i^h < ^ y^^ l a jcr acan field. 

Attempting to eliminate the problr.mn -mnnni -.i-nH ..^i-h i^y^^ ^i f hand held aiid 

atationary laaer acanncra, U.C. Pat. No. 1,766,207 to McMillan dioclooca a 
bar code gymbol ooannina avatnm whinh nnmhinnn ni- n nt a g c j o f hand held 

and atationary fined laoer acannorg into a oinglc acanning ayatom which can 
bo ugod in either a handa - on or hando free mode of operation. 

The bar code gymbol acanning nynfP.m in r; r n-.h ^ ^ jf^f^^ p c f^ in c ludc a a 

portable hand held laoor ooanning dcvico for generating eleotrioal aignalj 
deoonptivo of a aeannod b.->r nnHn n,^^hn^ hiin -l n nn m nri c o f o p Li aLljii, 

a trigger on the hand held laaer acanning device ia manually actuated each 
time a bar code aymbol on an object io to be read. The ayatem furthci 
inoludoa a fiicturc havinnr .-, hnnri pnr«-inn fn^ .m d jupp o rtiag Lim 

hand held laaer aoannino devion . nnri - i h-mn pnTt-jr.,) nhnvc which the head 
portion ig gupported at a predetermined diatance. In the hando free mode o f 
operation, the hand - hold lannr nnnnninrj rin„if,r. ^„ '-nrr '^' rt c d by the fijttui i : 
head portion above the fiitturo boar, pnrt-inn in n,-Hn,- .n^.. obj e cta bearing 
bar oodo av-mbola to oann hrt-»onn t-hn hn^ri .r,^ v,... p^r^ ^ . ^ ^ i o f the fijiLuiL 
In order to detect the prcaGnoc of an object between the head and baae 
portiono of the fiutum. rhr f i .,i-..rn -,inn ^^^i . .^.^ nb j rrr Tcnjo r o p L ubly 
connGctcd to the hand held Innnr nnnnning rin.,i„» r.Th^n the o bject jcnaor 
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OGnoGO an object between the head portion and the baoo portion; the object 
oenoor QutomaticQlly initiateo the hand held laocr ocanning dGvice oupportcd 
in the fixture to road thn h , -ir nnrin ni^rmhni r^p dete ct ed object. 

While the bar code ovmbol aoanning nyni-nm nf n r n^^ ^ir. 1^ 776,297 pcrmito 
reading of printed bar code informntinn nning ni^hor- n pn^ablc "hando on" oi : 
otationary "hando - frec" mode of operation; thio ayptom ouffcro from ocvGral 
oignif leant ahortcomingg and drav^baclco ao well. 

In particular; in the hando -on mode of operation; ocanning bar code oyTubola 
rcquirco manually actuating a trigger each time q bar code o^rmbol ia to bo 
read. In the hando - frce mode of operation; ocanning bar code aymbola requirco 
paooing the objeot bearing the bar code bct v ^ccn the head and baac portions of 
the fijcturc. Ilowcvcri in many inr.tnnnnn .thmrn Hr^f-^ hnnrjq arc required to 
manipulate a bar coded object; the object io too large to be paoocd between 
the head and baoc portiono of the fiuture and thuo acanning of the bar code 
oiymibol io not poaaiblc . hand-held laser-based bar code symbol readers includes 
automatically actuated sy stems having lightweight triqqerless hand-held laser 
scanners which c an be supported in the hand of the user. The user positions 
the hand-held las er scanner at a specified distance from the object bearing 
the bar code, th e presence of the object is automatically detected, the 
presence of the bar code symbol on the object is detected, and thereafter the 
detected bar cod e symbol automatically read. Prior art illustrative of this — 
second category o f laser-based bar code symbol reading systems are disclos ed 
in U.S. Pat. Nos. 4,639,606 to Boles, et al . , and 4.933,538 to Heiman, et al. 

Presently, there are basically two methods of interconnecting the hand-held 
laser-based bar code scanner to its base unit which, depending on the 
particular appli cation, may be either a controller, a keyboard-scanner 
interface device , or a central or host computer. The first method of 
interconnection employs ph ysical wiring between each hand-held bar code 
scanner and its; associated base unit. Typically, the physical wiring is 
realized as flexible cord ha ving a coiled structure to permit elongation as 
required during bar code symbol reading applications? 

A major drawback w ith bar code symbol reading systems using the physical- 
wiring method of interconnection is that the movement of the portable hand- 
held laser scanning device i s restricted by the overall (extended) length of 
the flexible cord used. In m any applications, such as product inventory, the 
use of such bar co de symbol reading systems is simply unacceptable. 

The second method of interconnection employs a "wireless"electromaqnetic 
communication link between e ach hand-held bar code scanner (or reader) and 
Its associated base unit. Typi cally, the electromagnetic communication link 
IS established by transmitt ing and receiving electromagnetic signals over 
either the radio- freguency (RF) region or infra-red (IR) region of the 
electromagnetic ener gy spectrum. Examples of such systems are disclosed in 
U. S. Pat. Nos. 4,4187277 to Tremmel, et al. and 5,157,687 to Tymes. and in 
the U.S. Patents cited therein. ' — 

While prior art bar code sym bol reading systems employing the wireless method 
of interconnection offer a marked degree of flexibility over systems 
utilizing the phy sical wiring method of interconnection, such prior art 
systems neverthele ss suffer from a number of shortcomings and drawbacks. In 
particular, these prior art systems reguire two-way packet communications 
which involves the use of complex data communications protocols and a 
separate transmitter and a receiver (i.e., transceiver) at each hand-held bar 
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code symbol read er and base unit in the system. Typically, these data 
communications re quirements increase the cost of manufacture of such systems, 
and substantially increase the electrical power consumption at each hand-h eld 
bar code symbol readerT ' 

Thus, there is a great need in the bar code symbol reading art for a bar code 
symbol reading system which ovGroomcj the above dcaoribcd ahortcomingj and 
drawbacko of prior art dcviGco and tGohniquoo; while providing greater 
voroatility in ito uoc. and method which overcomes the above-described 
shortcomings an d drawbacks without compromising system performan ce and 
versatility7 ^ ' ~ 

OBJECTS AND SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention to provide a 
fully automatic bar oodo o^Tubol reading pyotcm having an automatio hand 
oupportQblc laacr ooanning dcvioc which oan bo uaod aa either a portable 
hand oupported laoer OGanner in an automatio bar code symbol reading system 
having at least one hand-supportable bar code symbol reading device which, 
after each successful readin g of a code symbol, automatically synthesizes and 
l^ien hando on mode of operation; or aa a atationary laoer projection acanncr 
in an automatic hando - froo mode of operation. 

It ip another object of the preocnt invention to provide ouch an automatic 
bar code oiynnfibol reading ayotem, in v^hich one or more bar code o^mibolo on an 
object can bo automatically read in a oonoecutivo manner. 

A further object io to provide ouch an automatie bar code a:yTnbol reading 
dovicG, in. which the automatic hand oupportable bar code (o^yTnbol) reading 
devieo hao an infrared light object detection field which opatially 
enoompaoaco at leapt a portion of ita viaiblc laoer light acan field along 
the operative acanning range of the device; thereby improving the laaer beam 
pointing offieicncy of the device during the automatic bar oodc reading 
proeeoa of the prcaent invention. 

Another object of the prcacnt invention ia to provide aueh an automatic bar 
code reading oyatem in which a aupport frame ia provided for aupporting the 
hand oupportable houaing of the device in a oelected mounting pooition; and 
permitting complete gripping of the handle portion of the hand aupportablc 
houaing prior to removing it from the aupport frame. 

A further object of the prcaent invention io to provide aueh an automatio bar 
code aymbol reading oyatem in which the hand - aupportable bar code reading 
device hao long and ahort range modeo of object detection within ita object 
detection field. In one illuatrativo embodiment; the long and ohort range 
modeo of object detection ore manually oelectable by the uaer by manual 
activation of a owitch on the hand - aupportable houaing of the device. In 
another illuotrativc embodiment; the long range mode of object detection io 
automatically oelected when thn hnnH nnppnK^^h^n v.-^^ -nrir reading device ia 
placed w ithin the aupport atand during the hando free mode of operation. In 
thio illuatrative embodiment; the ohort range mode of object detection i3 
automatically aelected whenever the hand aupportablc bar code reading device 
ia picked up from the aupport atand and uaed in ito hando on mode of 
operation: 



A further object of the prcaent invention ia to provide ouch an automatic bar 
code a; , Tnbol reading ayatcm; in which the hand aupportablc bar code reading 
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do' l fiGO hao long and ohort ranaci mnrinn nf h-.,- ■ .^r, p^^^.p^^, r i r trrt i o n uithlii 
ito acan field. In one illuatrativc Gmbodimcnt, the abort range mode of bai 
code preacnce dctcotion ia manually nelectablL by manual aotivation of a 
□witch on the hand aupportablo houninrf nf thn ri mth c i- illujtrati » > i 

ombodimcnt, the ohort range mode of bar code prcacnec transmits a data pa cket- 
to a base unit positioned wit hin the data transmission range of the bar co de 

symbol reading device, and upo n the successful receipt of the transmitted 

data packet and recovery of sy mbol character data therefrom, the base unit 
transmits an acoustical ac knowledgement signal that is perceptible to the ' 
user of the bar code symbol r eading device residing within the data 
transmission range thereof. ~ ' ~ 

A further object of the pre s ent invention is to provide such a system w ith 
one or more automatic (i.e.. t riggerless) hand-supportable laser-ba.. f.ri h;.r 

code symbol reading d evices, each of which is capable of automati^ITT;; 

transmitting data packets to it s base unit after each succes sful r^AriLr, of a 
bar code symbol. ^ 

A further object of the pr esent invention is to provide such a bar co de 
symbol reading system in which the hand-supportable bar code symbol re adinn 
device can be used as either a portable hand-supported laser s canner in an 
automatic hands-on mode of d eration, or as a stationary laser pro ieci-ion 
scanner in an automatic hands-free mode of operation. 

A further object of the pre sent invention is to provide such a bar code 
symbol system, in which the base unit is adapted to support the hand- 
supportable bar code symbol readi ng device in its automatic hands- free mode 
of operation. ' ■ — — — 

A further object of the prese nt invention is to provide such a bar co de 
symbol system in which the bas e unit contains a battery recharging devic e 
that automatically recharges batteries contained in the hand-suooort ahl a 
device when the hand-supportab le device is supported within the base unit. 

It is another object of the p resent invention to provide such an auto matic 
bar code symbol reading system with a mode of operation that pe rmits t h«. n .^^r 

to automatically rea d one or more bar code symbols on an ob ject in a 

consecutive manner. 

A further object of the present in v ention is to provide such an automat ic bar 

code symbol reading system, in which a plurality of automatic hl^ 

supportable bar code symbol readi ng devices are used in conjunction with a 
plurality of base units, each of which is mated to a particula r bar cncif> 
symbol reading device. ' " ~ 

A further object of the present in v ention is to provide such an automa tic bar 
code symbol reading system, in whi c h radio freguency (RFl carrier signl lTTf" 
the same frequency are used by ea c h hand-supportable bar code symbol reading 
device t o transmit data packets to respective base units. 

A further object of the present i n vention is to provide such an automati c bar 

code symbol reading system, in wh ich a novel data packet transmissi^iTI^ 

reception scheme i s used to minimize the occurrence of data packet 

interference at ea ch base unit during data packet reception. 

A further object of the present i n vention is to provide such an automati c bar 
code symbol reading system, in whi ch the novel data packet transmiss ion and 



receptio n scheme enables each base unit to distinguish data packets 
associated with consecutively different bar code symbols read by a particular 
bar code symbol reading device , without the transmission of electromagnetic- 
based data packet a cknowledgment signals after receiving each da ta packet at 
the base unit. ^ ~ ' 
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A further object is to pr ovide such an automatic bar code symbol reading 
device, in which the autom atic hand-supportable bar code (symbol) reading 
device has an infr ared (IR) based object detection field which spatially 
encompasses at least a porti on of its visible laser light scan field along 
the operative scanning range o f the device, thereby improving the laser beam 
pointing efficiency of the device during the automatic bar code reading 
process of the present invention. 

Another object of the presen t invention is to provide such an automatic bar 
code symbol reading system, in which the base unit has a support frame that 
supports the hand-supportabl e housing of the device in a selected mounting 
position, and permits comp lete gripping of the handle portion of the hand- 
supportable hous ing prior to removing it from the support frame. 

A further object of the pres ent invention is to provide such an automatic bar 
code symbol reading system, in which the hand-supportable bar code reading 
device has long and short-ra nge modes of object detection, bar code symbol 
detection and bar code symbol reading. The long and short range modes of 
object detection m ay be manually selected by the user by way of manual 
activation of a switch on the hand-supportable housing of the device. In 
illustrative embodiment, t he long-range modes of object detection may be 
automatically sele cted when the hand-supportable bar code reading device is 
placed within the support s tand during the hands-free mode of operation. In 
this embodiment, the short- range mode of object detection is automatical ly 
selected whenever t he hand-supportable bar code reading device is picked up 
from the support stand and used in its hands-on mode of operation. 

dotootion ia automatically oGlGotcd when the hand aupportablc bar oodu 
reading dcviGC ia plaocd > /ithin the aupport atand, or altGrnativGly, In 
another embodiment, the shor t range mode of bar code presence detection may 
be automatically selected upon decoding a predesignated bar code symbol 
preprogrammed to induce the short-range mode of bar code presence detection. 
In the short-range mode of bar code presence detection, the automatic bar 
code reading device not only detects the presence of a bar code within the 
scan field by analysis of collected scan data, but it further processes the 
collected scan data to produce digital count data representative of the 
measured time interval between bar and/or space transitions. Bar code symbols 
present within the short-range of the scan field, produce scan data having 
time interval characteristics falling within a prespecified timing data 
range. Using the results of this analysis, only bar code symbols scanned 
within the short-range field are deemed "detected," and only bar code symbols 
detected within the short-range of the scan field activate the decoding 
module of the device and thus enable bar code symbol reading. 

A further object of the present invention is to provide such an automatic bar 
code symbol reading system^ in which the hand-supportable bar code reading 
device has long and ohort ranqc short range modes of bar code symbol reading 
within its scan field. In ono illuotrativGcmbodimGnt, the long and ahort raii g t. 
modca of bar oodo gymbnl mnHinrj -.rn m-.nM-.ny i i^p,- j ^j^^ ^^^^^ 

manual Qctivation of q owitch on the hand aupportablc houoing of the dGvice. 
In another GmbodimGnt< the long - range mode of object dotootion io 
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automatiGally oclGctcd when the hand aupportablc bar code reading device jj 
placed within the auDPort nt.mri rinrirr, hhn v,.r,^^ f^-r mn ri r of o p cr atiQu, ui 
altornotivoly, upon decoding a predeaignated bar code oimbol preprogrammed L u 
induce the mode of bar codeoymbol reading. In thia illuatrativc embodiment, 
the short-range mode of object dete c tion ia automatically oelccted whenever 
the hand aupportablo bar code reading dcbriao io pidcod up from the auppoiL 
otand and uoed in ita handa on mode of operation. In thia abort range m ode of 
bar code symbol reading, the only decoded bar code symbols residing within 
the short-range portion of the scan field, are deemed "read". 

It ia anotherAnother object of the present invention to provide an automatic 
hand-supportable bar code reading device which has both long and short-range 
modes of object detection and bar code symbol reading, reading that are 
automatically selectable by placing the hand-supportable device within its 
support stand and removing it therefrom. With this particular embodiment of 
the present invention, the automatic bar code symbol reading system can be 
used in various bar code symbol reading applications, such as, for example, 
charge coupled device (CCD) scanner emulation and bar code "menu" reading in 
the hands-on short-range mode of operation, and counter-top projection 
scanning in the hands-free long-range mode of operation. 

An even further object of the present invention is to provide an automatic 
hand-supportable bar code reading device which prevents multiple reading of 
the same bar code symbol due to dwelling of the laser scanning beam upon a 
bar code symbol for an extended period of time. 



A further object of the present invention is to provide a point-of-sale 
station incorporating the automatic bar code symbol reading system of the 
present invention. 



It is a further object of the present invention to provide an automatic hand- 
supportable bar code reading device having a control system which has a 
finite number of states through which the device may pass during its 
automatic operation, in response to diverse conditions automatically detected 
within the object detection and scan fields of the device. 

It is yet a further object of the present invention to provide a portable, 
fully automatic bar code symbol reading system which is compact, simple to 
use and versatile. r- » k « 

Yet a further object of the present invention is to provide a novel method of 
reading bar code symbols using an automatic hand-supportable laser scannina 
device. ^ 

A further object of the present invention is to provide a wireless au tomafir- 

bar code symbol reading device having a housing that can be comf^Ttl bT^ 

mounted to the wrist of its user, s i milar to a wrist bracelet or a wat ch, and 

which can be reconfigured when not in use to provide its us er orP^^r^r h;.nH 

mobility. ~ 

A further object of the prese nt invention is to provide such a bar code 
symbol reading, in which the las e r scanning plane thereof extends up wardl y 
downwardly, or laterally transverse to the pointing directi on of the w earer 
hand on which the device is, mounted. ~ 

A further object of the prese nt invention is to provide such a bar co de 
symbol reading system, in which the base unit functions as a "deskt^^edoe" 
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(i.e., keyboard interface d evice) for interfacing a keyboard and the bar code 
symbol r eading device, with a host or like computer system, so that 
"keyboard-scan for matted" data produced from the keyboard and the bar code 
reading device is identically formatted for entry into the host computer 
system through a single data input port, and subsequent processing therein. 

A further object of the present invention is to provide a desk-top bar cod e 
symbol reading havi ng a base unit with a small bar code symbol printing 
engine. " * 

An even further object of the i nvention is to provide such a bar code reading 
system, in which th e base unit is realized as a PCMCIA card installable in 
the PCMCIA port of personal computer system, including notebo ok computt 

palm to " ' — -TTTTT^i '• ^ '- '■ ^ ■ — 

and the 
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top computers, pers onal digital assistant devices, des k-ton computers 
he like. ~ " 



A further object of the present invention is to provide a point-of-sale 
station incorporat ing the automatic bar code symbol reading s ystem of the 
present inventionT 

These and further objects of the present invention will become apparent 
hereinafter and in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the objocta of the prcacnt invention, Object s of 

the Present Invention, the Detailed Description of the Illustrated 

Embodiments of the Present Invention nill be taken in connoction with 
fe^should be read i n conjunction with the accompanying drawings, wherein: 

FIG. 1 is a perspective view of the first illustrative embodiment of the 
automatic bar code symbol reading oyatom device of the present invention 
ohowing the hand oupportable laacr bar oodc oymbol reading dcvioc shown 
supported within the scanner support stand portion of its matchin5~b ^e unit 
for automatic hando ' hands - free operation; " '~ 

FIG. lA is an elevated front view of the automatic bar code symbol reading 
^f^^^evice of FIG. 1, ahowing the light tranjmiaaion »indou of the hand 
oupportable bar oodo gymbol reading dovioc whilc shown supported within the 
scanner support stand portion of its base unit ; 

FIG. IB is a plan view of the automatic bar code symbol reading system shown 
in FIG. 1; 

FIG. IC is a bottom view of the automatic bar code symbol reading system 
shown in FIG. 1; 

FIG. 2 is a perspective view of the first illustrative embodiment of the 
automatic hand aupportablc hand supportable bar codf. ..^yn.hr.i r-^^Hinr, 
the gyatem hereof , present invention, shown being used in the automatic hands- 
on mode of operation; 

FIG. 2A is an elevated, cross-sectional side view taken along the 
longitudinal extent of the automatic bar code symbol reading device of FIG 
2, showing varioug hardware and aoftwnrn nnmrnnnnhn ■,^^^i^n.^ r e alizing the 
illugtrati¥o embodiment of the various components contained therein, including 
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the automatic hand - oupportQblc bar code symbol reading dcviGe e nqine of the 
present invention; 

FIG. 2B is a cross-sectional plan view taken along line 2B~2B of FIG. 2A, 
showing the various components uood in roaliaing thc contained therein; 

FIG. 3 is an eleva ted side view of the first illustrative embodiment of the 
automatic bar code symbol readingdovioc p 

FIG, ac io an clovatod partially fragmcntod Grooo - ocGtional view of the head 
portion of the automatie hand nnppnri-nhin hnm ^.nr^r^ r^t^rrnt^nl r e ading dcx-icc of 
the preocnt invention; illuatrating an Qlootro optical arrangomcnt utilized 
in tranomitting pulijcd infrared light oignalo over the object detection field 
of the dcvioGi 

FIG. 2D io an elevated partially fragmented crooa jcctional view of the head 
portion of the automatic hand oupportablc bar code jymbol reading dcvioG of 
the preoent invention; illuatrating the electro optical arrangement utilized 
in producing the object detection field of the dGvice; 

FIG. 3 io an elevated aide view of the d evice hand aupportablc bar code aymbol 
reading deviQc of the illuotrativc embodiment of the present invention, 
illustrating the spatial relationship between the object detection and scan 
fields of the device, and the long and short-ranges of programmed object 
detection, bar code presence detection, and bar code symbol reading; 

FIG. 3A is a plan view of the automatic hand - oupportablc bar code symbol 
reading device taken along line 3A — 3A of FIG. 3; 

f'IG. 4 is a oyotem block functional diagram of the automatic hand aupportablc 
bar code oymbol reading perspective view of the second illustrative 
embodiment of the au tomatic bar code symbol reading device of the present 
invention, illuotrating the principal Qomponcnto integrated with the oyotem 
controller thereof; 

shown mounted on the wrist of an operator with its object and scan fields 
extending along t he pointing direction of the operator's hand during 
automatic hands-free operation; 

f'lG- 5 io a block functional diagram of a firot embodiment of the object 
detCGtion mechaniom for the automatic hand oupportablG 4A is an elevated. 
cross-sectional sid e view of the automatic bar code symbol reading device of 
FIG. 4, taken alo ng the longitudinal extent thereof, while configured in its 
reading configura tion, showing the various components contained therein; 

FIG. 48 is an ele vated, cross-sectional side view of the automatic bar code 
symbol reading device of FIG. 4 , taken along the longitudinal extent thereof. 
while configured i n its non-reading configuration, showing the various 
components contain ed therein, including the automatic bar code symbol readin g 
engine of the present invention; 

€ ig g block functional diagram of a oocond SA is a perspective view of 
the third illustrative embodiment of the object detection mochaniom for the 
automatic hand - oupportablG bar code symbol reading device of the present 
invention , showing its wrist-mountable housing and the various system 
components contained therein; 



FIG S . 7; 7A to 7D; taken togothcr; ohow a high level flow chart of a oyjtcm 
oontrol program (i.e. Main Cyotem Control Routine) containod v ^ ithin the 
control ovotcm of the automat in hnr onHn ni^rmhni mnnr^ing device; illujtrating 
varioua courocD of programmed oyotem FIG. 5B is a perspective view of the 
automatic bar co de symbol reading device of FIG. 5A, shown mounted on the 
wrist o f an operator with its object and scan fields extending laterally 
transve rse to the pointing direction of the operator's hand during automatic 
hands-free operation; 

FIG. 5C is a pe rspective view of the automatic bar code symbol reading device 
of FIG. 5A, sho wn mounted on the wrist of an operator with its object and 
scan fields ext ending upwardly transverse to the pointing direction of the 
operator's hand during automatic operation that the illiint-mt- 1 ..n nrnhnHimnpf 
may undergo; 

FIGS. 8 ; 8A to 8 D/ taken together; ohov# a high level flow chart of an 
Quxilliary oyotem control program [i.e. Auxilliary Syotem Control noutinc 
with Range Selection); which provideo the hand oupportablc automatic bar code 
aymbol reading device of the preaont invention with ocveral oclectablc modco 
of object detection; bar code prcoenoe detection and bar oodc o^Tnboi reading; 

FIG. Q io Q otatc diagram illuotrating the varioua otateo that the automatic 
hand ■ oupportablc bar oode aymbol reading device of the illuotrativc 
embodiment may undergo during the couroe of ita programmcd hands-f ree 
operation; 

FIG. 10 ia a poropeotive view of the oupport frame of the acanncr aupport 
otand of the prcoent invention; 

FIG. IQA io a pcrapective view of the baac plate of the ocanncr aupport atand 
of the prcoent invention; with the adaptor module mounted thereon; 

FIG. lOB io a poropcotivc; partially broken away view of the aoocmbled 
ocanncr oupport atand of the prcoent invention; ohowing the acanncr cablc; 
pov^er aupply cable and communication cable operably aaaooiated therewith and 
routed through reopective apcrturca formed in the ocanncr aupport frame; 

FIGS. IIA; IIB; lie and IIP arc pcropcctive vicwo of a point or - aale ayatcm; 
oho v ^ing the aoannor aupport atand of the preaont invention aupported on a 
horizontal countcrtop ourfacc and operably connected to an elcctronio oaoh 
regiatcr; with the automatic hand - aupportable bar code oymbol reading device 
being uoed in ita hand - held ahort range mode of operation; 

FIGS. 12A and 12D are perapective viewo illuatrating the atepa carried out 
during the inotallation of the aoannor aupport atand of the prcoent invention 
onto a vertical counter wall ourfacc; 

FIG. 13 io an elevated nirin vin.t nf i-hr. ->.ih nir^-^t i ^ hnr c ode aj f -m bo l reading 
oyotem of the prcoent invention, nhnwn mnnni-nH nn*-n i-^^ v-^rtic o l co unter ;jall 
ourfacc of FIGS. 12A and 12B| 

FIG. 13A io g plan view of the automatic bar code aymbol reading oyotem of 
the prcoent invention taken along line 13A — 13A of FIG. 13; 



FIG. 13B io g crooo ■ occtional view of the ocanner oupport atand of the 
prcoent invention; taken along line 13B — 13B of FIG. 13; 
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FIG. 13C io a croao ocotional view of the Qjociiiblod ooannGi- atand, tak e n 
along line 13C — 13C of FIG. 15hr 

FIG. 11 io pcropcGtivc vicwa ahowing the joanncr aupport atand mounted on a 
vertioal counter uall aurfaoe, and the autoiuatiG hand aiipportablc box ou d c 
oymbol reading dcviec being uacd in ito autoiuatio handa free long ran u o m j d c 
of operationi ^ 

FIGS. ISA and 15D are perapectivc vicv^a Jhouing the ooannGr aupport atand 
mounted on a vertioal oountcr wall auifaoo, and tho automatic hauJ 
ouppor tablo bar oodc a^rmbal rcadin L, deviec being uood in itj automatic Uuitd 
ncig onort range mode of operation; 

FIG. 16 io a perapcotivc vic» of a point of aalc atation according to the 
preoent invention, ahowing the ooanncr jupport atand pi».>otall^ oupported 
above a horizontal oountor aurfaoc by way of a pcdootal baac u i ountcd under ai. 
eleetronio oaoh regiater, and tho automatic hand oupportable bar c o de aymbol 
reading dovioe received in the ooanner aupp u rt atand and being uacd la Uj 
automatic handa - free long range mode of operation/ 

FIGS. 17A and 17D arc poropeetivc viewa of a point of aalo atation ac L-u idiii u 
to the prcaont invention, ahowing the aeanner aupport otand pivotally 
oupported above a horiaontal eountor ourfaco by way of the pedcatal Luj c 
illuatratod in FIG. 16, and the automatic hand aupportable bar code g^onbol 
reading device being uacd in ita automatic hand held ahort range m o de o f 
operation; 

FIG 10 io an elevated aide view of the point of aale o^otom of FIGS. 16, 17A 
and no, illuotrating tho rotational freedom of the acannor auppoii jiuud 
about tho n quia of the pivotal joint aoacmbly; 

FIG. lOA ia an elevated, partially oroaa aootional view of the baoe plate of 
tho aeanner aupport atand and the pivotal joint aoaembl^ oonneetin u [h Z 
aoannor aupport otand to tho pedcatal baae ao gj to provide three degrccj o f 
freedom to tho aeanner aupport ataud with rcapcot to the atationary pcd c jLul 

FIG. 18D io a partially fragmented view of the aeanner jupport atand, pivotal 
joint aooembly and pedcatal baac Laken along the y ania of L hc pivotal J o iiit 
aooembly, illuotrating the rotational freedom of the aeanner aupport jtq ^ 
about tho y axio; and 

FIG. IPG ia an elongated view of the aoannci aupport atand and pcdootal baac 
aooembly taken along the z a„ia of Lhe pivotal joint aaacmbly, illuatratinu 
the rotational freedom of the aeanner aupport otand about the n gjtio u f [h e 
pivotal joint aaocmbly. 

DETAILED DCCCnirTIOU Of TIIC ILI.nnTnr»Trn rMnnnT.TMo. TflC rn r nc r iT IircnTIOll 

In FIG. 1, the automatie laaer h-.r nnrin n. | mnv,ni .rn , .,ri i nrj ly i f rm n f the u i ea iin L 
invention, io illuatratod. Aa ahomi, automatic bar code aym hn l reading jyj Le m 
1 oompriaca a portable, automatie hand aupportablo bar code (ai-mbol) I c o dL^'" 
device 2 oporably aaaociated with aoanner aupport atand 3 of the prcaci ^ 
invention. Operable intoroonneetion of hand oupportable bar code rca d iu y 
dovioe a and ooanner aupport atand 3 io achieved by a flcjiible multiwii e 
aoanner oablo S cittending from bar code o;,.mbol dovioe 2 into aoanner aupg u ii 
otand 3. Operable interoonneotion of aeanner aupport atand 3 and a hoat 
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gyatcm 6 (e.g. clootronio oaah rogiotcr oyotoni; data Gollcction dcviaG/ cto.) - 
io QGhicvGd by q flcjciblo multiwirc oommunicQtiono cablo 7 OHtonding frora 
ooannGr oupport otand 3 and plugged diroctly into thG data - input 
oommuniGationo port of hoot oyotcm 6 . In thG illuotrativG cmbodimGnt ; 
GlcctriGal power from a low voltogo power aupply (not ohovm) ia providod to 
ooannor aupport atand 3 by v ^ gy of a flcjEible pov^er oablo 0 . 

AO illuotratcd in FIG. 1 through IC; aoannor aupport otand 3 io partioularly 
adapted for reoGiving and oupporting hand - oupportablo bar oodo reading dcviGc 
2 in a aelcGtcd poaition without uoor aupport; thuo providing a otationary/ 
automatic handa frco mode of operation. In gcnorali hand aupportable bar code 
reading devioe 2 inoludea an ultra light weight hand aupportablc houoing 0 
having a contourod handle portion OA and a head portion 9B. Ao vjill bo 
deocribod in greater detail hereinafter; head portion QD enolooeo 5D is a 
perspec tive view of the automatic bar code symbol reading device of FIG. 5A. 
shown mounted on the wrist of an operator with its object and scan fields 
extending downwar dly transverse to the pointing direction of the operator's 
hand during automatic hands-free operation} 

FIG. 6A is a perspective v iew of the fourth illustrative embodiment of the 
automatic bar code symbol reading device of the present invention, shown 
supported in its rechargeable base unit, eguipped with a bar code svmbol 
printing engine connected thereto; 

FIG. 6B is a cro ss-sectional view of the fourth illustrative embodiment of 
the bar code sym bol reading device, taken along line 6B— 6B of FIG. 6A. 
showing the devic e resting in its base unit: during a battery re charoina 
operation; " ^ — ^ 

FIG. 6C is a plan view of t he fourth illustrative embodiment: of the bar code 
symbol reading devi ce of the present invention, shown reading a bar code 
symbol printed on a sheet of paper; ~ 

FIG. 6D is is a perspective view of the fourth illustrative embodiment of the 
bar code symbol reading devi ce of the present invention, shown reading a bar 
code symbol printed on a sheet of paper while in proximity with its mated 
base unit; ' 

FIG. 7A is a pers pective view of the automatic laser-based bar code symbol 
reading engine of the present invention, showing its miniature "matc h-box " 
size housing; ~ ~ 

FIG. 7B is an elevated fro nt view of the automatic bar code symbol reading 
engine of the pre sent invention, showing the geometrical characteristics o f 
its light transmission windowj ' ~ 

FIG. 7C is an elevated rear view of the automatic bar code symbol reading 
engine of the pre sent invention, showing its input/output signal port; 

FIG. 7D is a perspective vi ew of the automatic bar code symbol reading engine 
of the present inve ntion, shown within the upper portion of the miniature 
match-bo x size housing removed off from the lower housing portion thereof; 

FIG. 7E is a plan view of the underside of the upper portion of the match-box 
size housing, showing the opti cal layout of the laser beam scannin g optics of 
the device; " — ^ 
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FIG. 7F is a perspective ex ploded view of the automatic bar code symbol 
reading engine of the present invention, showing the spatial relationships 
among the printed circuit boar ds, the upper and lower housing portions, and 
the laser beam scanning optics thereof; " 

FIG. 7G is a perspective exp loded view of an alternative embodiment of the 
automatic bar code symbol readi ng engine of the present invention, showing 
the spatial relationships amo ng the printed circuit boards, including the 
printed board supporting the da ta packet transmission circuit o f the present 
invention. ' ' ~ ^ 



FIG. 8 IS a system block fun ctional diagram of the automatic: bar code sym bol 

reading system of th e present invention, illustrating the principal 

components integrated with the control (sub) system thereof; 

FIG. 8A is a functional log ic diagram of the system override signal detection 
circuit in the Application S pecific Integrated Circuit (ASIC) chip in the 
automatic bar code symbol reading engine of the present invention; 

FIG. SB is a functional lo gic diagram of the oscillator circuit in the AS IC 
chip in the automa tic bar code symbol reading engine of the p resent 
invention; ' 

FIG. 8C is a ti ming diagram for the oscillator circuit of FIG. SB; 

FIG. BP is a block functiona l diagram of the object detection circuit f i e 
system activation means) in th e ASIC chip in the automatic bar code sy mbol" 
reading engine of the present invention; ' 

FIG. 8E is a functional logi c diagram of the first control circuit (C. sub . 1 ) 
of the control system of the present invention; ' 

FIG. 8F is a functional logi c diagram of the clock divide circu it in the 
first control circuit C.sub.l of FIG. 8E; " ~ 

FIG. 8G is table setting fort h Boolean logic expressions for the enabl ing 
signals produced by the first control circuit C.sub.l ; ' 

FIG. 8H is a functional block d iagram of the analog to digital (A/ D) signal 
conversion circuit in the ASIC ch ip in the bar code symbol reading engine of 
the present invention; " 

FIG. 81 is a functional lo gic diagram of the bar code symbol (Presenc e) 
detectio n circuit in the ASIC chip in the bar code symbol re ading Pnain^ of 
the present invention; " ~ 

FIG. 8J is a functional logi c diagram of the clock divide circuit in the bar 
code symbol detection circuit of FIG. 81; " ~" ' " 

FIG, 8K is a schema tic representation of the time window and subintervals 
maintained by the bar code symbol detection circuit during the bar co de 
symbol detection process, ~ 

FIG. 8L is a functional log ic diagram of the second control circuit (C.sub. 2) 
m the ASIC chip i n the automatic bar code symbol reading e ngine of the ' — 
present invention; 
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FIG. 8M is Boolean logic table defining the functional relationships among 
the input and output signals into and out from the second control cir cuit 
C.sub.2 of FIG. 8n7 ~ ~~ 

FIG. 8N is a schematic representation of the format of each data packet 
transmitted from the data packet transmission circuit of FIG. 9. 

FIG. 9 is a fun ctional block diagram of the data packet transmission circuit 
of the bar code symbol reading system of the present invention; 

FIG. 1 0 is a schematic representation illustrating several groups of data 
packets transmitted from the bar code symbol reading device hereof in 
accordance with the principles of data packet transmission and reception 
scheme of the present invention; 

FIG. 11 is a sc hematic representation of an exemplary set of groups of data 
packet pseudo ra ndomly transmitted from neighboring bar code symbol reading 
devices, and received at one base unit in physical proximity therewith; 

FIG. 12 is a sc hematic representation of an exemplary set of data packets 
simulta neously transmitted from three neighboring bar code symbol reading 
devices of the p resent invention, and received at the associated base unit s 
assigned thereto; ' ~ 

FIGS. 13A to 13C, taken together, show a high level flow chart of the control 
process performe d by the control subsystem of the bar code symbol reading 
device, illustra ting various modes of object detection, bar code presence 
detection and bar code symbol reading; 

FIG. 14 is a state diagram illustrating the various states that the automatic 
hand-su pportable bar code symbol reading device of the illustrative 
embodim ent may undergo during the course of its programmed operation; 

FIG. 15A is a pe rspective view of the scanner support stand housing of the 
countertop base unit of the present invention; 

FIG. 15B is a pers pective view of the base plate portion of the countertop 
base unit of the present invention; 

FIG. 15C is a pe rspective, partially broken away view of the assembled 
countertop base unit of the present invention; 

FIG. 16 is a fu nctional block diagram of the data packet receiving and 
processing circuit ry and the acknowledgment signal generating circuitry of 
the prese nt invention realized on the printed circuit board in the b ase unit 
shown in FIGS. 15A to 15C; ~ " 

FIG. 16 A is a functional block diagram of the radio receiver subcircuit of 
the data packet receiving circuit of FIG. 16; 

FIG. 168 is a fun ctional block diagram of the digitally controlled acoustical 
acknowle dgment signal generating circuit of the present invention; 

FIG. 17 is a flow chart illustrating the steps undertaken during the control 
process carried out in the base unit of FIG. 15C; " 
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FIG. 18A is a perspective view of the portable data collection base unit of 
the present invention, interf aceable with a host computer system for 
transferring sy mbol character data collected from the bar code symbol reading 
device of the present invention; 

FIG. 18B is an e levated side view of the portable data collection base unit 
of the present invention; 

FIG. 18C is an elevated end view of the portable data collection base unit 
the present invention; 

FIG. 19 is a f unctional block diagram of the data packet receiving and 
processing cir cuit, the acknowledgment signal generating circuit and the host 
computer interf ace circuit of the present invention, realized aboard the 
printed circuit board in the portable data collection base unit of the 
present invention; ' ~ ' 

FIGS. 20A to 20D is a flow chart illustrating the steps performed during the 
control process c arried out within the portable data collection base unit of 
the present invention; ~ " ~~ 

FIG. 21 is a pers pective view of the PCMCIA card base unit of the present 
invention shown installed within the PCMCIA slot of a portable lap-top 
computer system; ™ 

FIG. 22 is a fu nctional block diagram of the data packet receiving and 
processing circ uit, the acknowledgment signal generating circuit, and host 
interface circui t realized on the printed PCMCIA circuit board of the card- 
type base unit shown in FIG. 207 ~ ~~ ~ 

FIG. 23 is a flo w chart illustrating the steps performed during the control 
process conducted within the PCMCIA-card type base unit shown in FIG. 20; 

FIG. 24A is a pe rspective view of the housing for the desktop base unit of 
the present invention; 

FIG. 24B is a perspective view of the base plate portion of the desktop b ase 
unit of the present invention,- ~ " 

FIG. 24C is a pe rspective view of the assembled desktop base unit of the 
present invention , shown physically coupled to a bar code symbol printing 
engine, and the serial communications port of a host computer system; 

FIG. 25 is a blo ck functional diagram of the data packet receiving and 
processing circuit and the acknowledgment signal generating circuit realized 
on the printed circuit board aboard the base unit shown in FIG. 24C; 

FIG. 26 is a flow chart illustrating the steps performed during the control 
process carried out within the desktop base unit of FIG. 24C; 

FIG. 27 is a perspective vi ew of a desktop computer workstation, with which 
the desktop bar co de symbol reading system of the present inventio n is 
installed; " ~ 



FIG. 28A is a perspective v iew of the housing for the keyboard-interface base 
unit of the present invention; 
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FIG. 28B is a perspectiv e view of the base plate portion of the keyboard- 
interface base unit of the present invention; 

FIG. 28C is a p erspective view of the assembled keyboard-interface base unit 
of the present invention, shown electrically interfaced with the keyboard and 
serial communications port of a host computer system; 

FIG. 2 9 is a block functional diagram of the data packet receiving and 
processing cir cuit, the acknowledgment signal generating circuit and the 
keyboa rd/bar-code reader interface circuit realized on the printed circuit 
board aboard the keyboard-interface base unit shown in FIG. 28C; 

FIG. 30 is a fl ow chart illustrating the steps performed during the control 
process carried out within the keyboard-interface base unit of FIG. 28C; 

FIGS. 31A to 31D are per spective views of a point-of-sale system, showing the 
countertop base u nit of FIG. 15C supported on a horizontal countertop surface 
and operably co nnected to an electronic cash register, with the automatic 
hand-su pportable bar code symbol reading device of FIG. 1 being used in its 
hand-held short-range mode of operation; 

FIG. 32 is a pe rspective view of a point-of-sale station according to the 
presen t invention, showing the countertop base unit of FIG. 15C pivotally 
suppor ted above a horizontal counter surface by way of a pedestal base 
mounted under an electroni c cash register, and the automatic hand-supportable 
bar cod e symbol reading device of FIG. 1 received in the base unit while 
being used in i ts automatic "hands-free" long-range mode of operation; and 

FIGS. 33A and 33B are pers pective views of a point-of-sale station according 
to the present invention, showing the counter-top base unit of FIG. 15C 
pivotally supported above a horizontal counter surface by way of a pedestal 
base, and the a utomatic hand-supportable bar code symbol reading device being 
used in its automatic "hands-on" short range mode of operation. 

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS OF THE PRESENT INVENTION 

In FIG S. 1 to 6D, four different embodiments of the automatic hand- 
supportable bar code symbol reading system of the present invention are 
shown. In FIGS. 1 to 3A, the first embodiment of the automatic bar code 
symbol reading sys tem is illustrated. In FIGS. 4 to 4B, the second embodiment 
of the automatic bar code symbol reading system is illustrated. In FIGS. 5 to 
5C, the third e mbodiment of the automatic bar code symbol reading system is 
illustrated. In F IGS. 6A to 6D, the fourth embodiment of the automatic bar 
code symbol readi ng system is illustrated. In each of these systems, the 
hand-supportabl e bar code symbol reading device includes the automatic bar 
code symbol read ing engine of the present invention shown in FIGS. 7A to 7F 
and schematically i llustrated in FIGS. 8 to 9, in particular. The operation 
of these embodiments of the automatic bar code symbol reading device of the 
present invention will be described with reference to FIGS. 10 to 14. 

As there are numer ous possible embodiments of the automatic bar code symbol 
reading device o f the present invention, there are also numerous possible 
embodime nts of the base unit of the present invention. For exemplary purposes 
only, four illustrative embodiments of the base unit are shown in FIGS. 15A 
to 26. I n FIGS. ISA to 17, the first embodiment of the base unit is 
illustrat ed. In FIGS. 18A to 20D, the second embodiment of the base unit is 
illustrated. In FIGS. 21A to 23, the third embodiment of the base unit is 
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illustrated. In FI GS. 24A to 26. the fourth embodiment of the base unit i s 
illustrated. In FIGS. 27 to 30. the fifth embodiment of the base unit is 
illustrated. Each of thes e illustrative embodiments of the present invention 
will be described in great detail hereinafter to enable one with ordinary 
skill in the art to practice the same in diverse user environments. 

As shown in FIG S. 1 to 2, automatic bar code symbol reading system 1 
comprises an automatic (i.e.. triggerless) portable bar code (symbol) reading 
dev3.ce 2 operably associated with a base unit 3 having a scanner support 
stand 4. Bar code symbol r eading device 2 is operably connected with its the 
base unit 3 by way of a one way electromagnetic link 5 that is momentarily 
created between ba r code symbol reading device 2 and its mated base unit 3 
after the successful reading of each bar code symbol by the bar code symbol 
reading device. Operable interconnection between the base unit and a host 
system (e.g., electronic ca sh register system, data collection device, etc.) 
6 IS achieved by a flexib le multiwire communications cable 7 extending from 
the base unit and plugged dire ctly into the said data-input communications 
port of the host c omputer system 6. In the illustrative embodiment. 
electrical power from a low voltage direct current (DC) power supply (not 
shown) is provide d to the base unit by way of a flexible power cable 8. 
Notably, this DC power supply can be realized in host computer system 6 or as 
a separate DC power supply ada pter pluggable into a conventional 3-pron g 
electrical socket. As will be described in greater detail hereinafter, a 
rechargeable battery power supply unit is contained with bar code symbol 
reading device 2 in order t o energize the electrical and electro- optical 
components within the device. ' 

As illustrated in FIG. 1 throug h IC. scanner support stand 4 is particularly 
adapted for receiv ing and supporting portable bar code symbol reading device 
2 in a selected position wit hout user support, thus providing a stationary. 
automatic hands-free mode of o peration. In general, portable bar code readin g 
device 2 includes an ultra-li ght weight hand-supportable housing 9 havin g a 
contoured head port ion 9A and a handle portion 9B. As will be described in 
greater detail her einafter, head portion 9A encloses electro- electro optical 
oomponcntt] which arc uood to gonGroto and projoot a viaiblc Igjcr beam 
through a light tranomiaoivo window 10, and to rGpcotcdly aoan tho projected 
laaar beam aoroao a acan field ll optical components which are used to 
generate and proiect a visible laser beam 10 through a light transmissive 
window 11 in housing head port ion 9A. and to repeatedly scan the projected 
laser beam across a scan field 12 defined external i-o K=.„H-o.,pp^;^ .,^1^ 
housing. 

As illustrated in FIGS. 1 through IC, ooanner aupport atand the scanner 
support; stand portion 3 includes a support frameW which comprises a base 
portion i5Arl3A^ a head portion support structure j^& rl3B, handle portion 
support structure i5€13C and a finger accommodating recess i ^l3D. As shown 
base portion iaA13A has a longitudinal extent and is adapted for selective 
positioning with respect to a support surface, e.g.^ countertop surface, 
counter wall surface, etc. Head portion support structure 12B ia operably 
aoooGiQtcd with l3B is connected to base portion j ^l3A, for receiving and 
supporting the head portion of tho hand oupportablc bar codo reading 
de^H^e^bar code symbol reading device 2. Similarly, handle portion support 
structure lac ia operably aaaoaiatcd with lSC is connected to base portion 
■3^A7-13A^ for receiving and supporting the handle portion of thehand- 
oupportablc bar code symbol reading device. In order that the user's hand can 
completely grasp the handle portion of the hand-supportable bar code reading 
device, that ia (i.e., prior to removing it off and away from the scanner 
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support otand qo illuatratGd in ncc. 1, 13 and ISA, stand), finger 
accommodating recess 4^130 is disposed between head and handle portion 
support structures 13B_and_ iaD and iac i3C and above base portion WA13A of 
the support frame. In this way, finger accommodating recess i2©13D is 
laterally accessible:i o ahown in nc. 13 so that when the head a^^ handleaed 
head portions 9A and 9B are received within and supported by head po rtion 
support structure and handle portion support otruoturc 120 and hcod-eef^j^ 
oupport atruotuic structure, 4^ respectively, the fingers of a user's hand 
can be easily inserted through finger accommodating recess i2©13D and 
completely encircle the handle portion of the hand-supportable5e^^iee,-as 
illuotratod in nc. 15A. ' 

A more detailed dcocription of the atructurc, funotionj and operation of the 
aoanner oupport atand of the preocnt invention will be provided hereinafter 
roforrinq to ncC. 10 through 1 ffP nn.,n,m»- , ^nf- - | ing t o riCC. 1 and 10 
through 13, attention will bo firot aooordcd to the illujtf c i tivo cmbodim L uL 
of the automatic hand aupportablc bar code reading dcvico of the 
invention . device . 

As illustrated in FIGS. 2 through 2B in particular, head portion ^9A 
continuously extends into contoured handle portion %9B at an obtusi~angle 
.alpha. a which, in the illustrative embodiment, is about 14 6 degrees It is 
understood, however, that in other embodiments obtuse angle .alpha, may be in 
of about 135 to about 180 degrees. As this ergonomic housing design 
IS ooulpted (I.e. sculptured (i.e., form-fitted) to the human hand, automatic 
hands-on scanning is rendered as easy and effortless as waving ones hand 
Also, this ergonomic housing design eliminates the risks of musculoskeletal 
disorders, such as carpal tunnel syndrome, which can result from repeated 
biomechanical stress commonly associated with pointing prior art gun-shaped 
scanners at bar code symbols, squeezing a trigger to activate the laser 
scanning beam, and then releasing the trigger. 

As illustrated in FIGS. 2 through 3A, the head portion of housing 9 has 
aliaht transmission aperture 4^11 formed in upper portion of front panel 14A 
to permit visible laser light to exit and enter the housing, as will be 
described in greater detail hereinafter. The lower portion of front panel 14B 
IS optically opaque except at opti cal wavelengths over the infra-red (IR) 
region of the electromagnetic soectrums . a...; pr^ ^.n ^«-k^>. ^nrfrir rr of the 
hand supportable housing. 

As best shown in FIGS. 2A and 28. t h e automatic bar code symbol reading 
engine 18 of the present inve n tion is securely mounted within the head 
portion of hand-supportable housi n g 9, while a printed circuit boa rd 19 and a 
rechargeable battery supply unit 2 0 are mounted within the handle por tion of 

ihe_hand-supportable housing. As will be described in greater detlil 

hereinafter, the data packet transmis s ion circuit of the prese^iTT^ention is 
realized on PC board 19 and is opera b ly connected to bar code symbol read ing 
engine 18 by way of a first flexible wire harness 21, while e lectrical nnw^r 

IS supplied from rechaTqeable batte r y 20 to the data packet transmission 

circuit and the bar code symbol reading engine by wav of a secondTlila blP 
wire harness 22. As shown, a trans m itting antenna 23 is operably conni ^^ to 

the data packet transmission circ u it on PC board 19 and is mounted ii^it hlT; 

hand-supportable housing 9 for tr a nsmission of a data packet modulaTiT R? 
carrier signal. The structure and t h e functionalities of the automatic bar 
code symbol reading engine will be d escribed in greater det ail herei nafter 
with reference to FIGS. 7A to 14. ■ ^ 
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As shown in FIGS. 4 to 4B. t he second illustrative embodiments of the bar code 
symbol reading device, ind icated by reference numeral 25 comprises a wrist- 
mountable housing 26 having a head portion 26A with a light transmission 
window 27, and a tail portion 26B that is hingedly connected to the head 
portion 26B by way of a h inge mechanism 28. As shown, housing tail portion 
268 IS mountable to the wr ist of its user by way of a wrist band or strap 35 
that may be made from one or more different types of material. Also, an 
elastic gasket 29 is disposed about the physical interface of the housing 
head portion and the housin g tail portion in order to seal off the housing 
interior from environmental debris, such as dust and the like. 

As shown in FIGS. 4A and 4B, an automatic bar code symbol reading engine 18 
IS mounted within the head portion of the housing 26A. whereas a small PC 
board 30 and a miniature rec hargeable battery supply unit 31 are mounted 
within the tail portion of t he housing 26B. The data packet transmission 
circuit of the present inven tion is realized on PC board 30. Electrical power 
IS provided from the battery supply unit 31 to PC board 30 by way of a firs t 

flexible wire harnes s 32. and from PC board 30 to bar code symbol reading 

engine 18 by way of a second flexible wire harness 33. as shown. In order t o 
selectively connec t and disconnect the flow of electrical power from PC board 
30 to bar code symbol readi ng engine 18, a rotatable switch 34 associated 
with hinge mechanism 28 is connected in series with the electrical power 
lines extending along the sec ond wire harness. In this way, when housing head 
portion 26A and h ousing tail portion 26B are both configured to extend in the 
same plane as show n in FIG. 4A, switch 34 is closed and electrical power is 
permitted to flow from PC board 30 to the bar code symbol reading engine. 
When the housing head portion and housing tail portion are configured in ' 
slightly different planes, as shown in FIG. 4B. then switch 34 is opened a nd 
electrical power i s prevented from flowing from PC board 30 to the bar code 
symbol reading engine. ' 

In general, bar code symbol r eading device 25 can be used in conjunction with 

any of the base un its of the present invention. However, in the preferred 

embodiment shown i n FIG. 4. bar code symbol reading device 25 is used in 
comunction with p ortable data collection base unit 37 in order to receive 
data packets that have been t ransmitted by the bar code symbol reading device 
upon the successfu l reading of each bar code symbol. The method of data 
packet transmissi on between the bar code symbol reading device and the 
portable base unit, will be described in detail hereinafter. 

As illustrated in FIGS. 2, 3 and 3A in particular, automatic hand auppoiLabl c 
bar oodG reading dovicr- r> nmnr- i i-nn ri^-ffn^np^ f irlri n ci tt c rnjl t o Uil 

hand aupportable houoing, in order to carry out automatio bor oodc aymbol 
reading aooording to the principlGo of SA to 5D. the third illustrative 
embodiment of the bar code symbol reading device of the present in^Ti^ion 
indicated by reference numeral 40, comprises a U-shaped wrist-mountable 
housing 41 having an upper housing portion 41A. a lower the prcocnt 
invention. The firot field, referred to aa the "objcot dctcotion field", 
indicated by brolcen and dotted linea, ia provided cjiternally to the houjiii g 
for detecting energy rofleoted off an object bearing a bar code oirmbol, 
located within the ob-icot dctootinn finlH Thn -.nnr,^.i f\^- \ ^, referred to gj 
the "flcan field", having at loaat one laaer beam aoanning plane ia provided 
ojitcrnal to the houaina for nnnnn^ng -> h-iir nn .ir. ^n n n o bject in tim 

object detootion fioldi In the preferred embodiment, auoh aoanning ij 
aohievod with a viaiblP, Innrr hn-.ni ,,hir,h p^nri... im r r i ro n d jtj uhiUi ij 
oolleGtcd for the purpoae of detecting the prcjGnoc of a bar code oymbol 
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within the acan field, and aubacquGntly reading (i.e. oc i anning and dcGoding) 
the dotGotcd bar code oymbol . 

In general, dotcoted energy reflcGtcd from an object during object detection, 
pan bo optical radiation or acouatical energy, either acnaiblG or non 
aenoiblc by the uoer, and may be cither generated from the automatic bar oodc 
reading dovico or an CHtcrnal ambio.ni- nnnrnn nn ..^n described in greater 
detail hereinafter! the proviainn nf mmh nnmrgy in rrpfcrably achieved by 
tranamitting a wide beam of puloed infrared light away from tranamiaal u n 
aperture 13 and aubatantially parallel to longitudinal auia 15 of the head 
portion of the hand aupportablc houoingi In the preferred embodiment, the 
object detection field, from whinh nnnh r-nfTnn<-n^ "n^rgy io collected, ij 
deoignod to have a narrovfly divirging pcncil - lilcc geometry of three 
dimenoional volumetric cxpanoo. whinh in npnU-iny r.r.i n^i -icnt with at Icaot a 
portion of the tranamittcd infmrprf M rjht hn-.^ ^ f -n t ii rc o f the pr cj gn L 

invention enaurea that an nh-inni- rrniri,"nrj ..iht,,-,, n hjr r t de t ec ti o n fluid 

will be illuminated bv the infmrnrl light- hr^-,n.j -,r^r ^ that infrared light 
reflected therefrom will be directed generally towarda the tranomiaaion 
aperture of the houoina v^horo It nnn ho nlH•nm-l^■i n-. i i y jptcirtcd to indicate 
the prcocnoc of the object v<ithin the objcet detection field. In rcaponac, a 
viaiblo laacr beam io automatically generated within the head portion of the 
houainq, projected through thn. tmnnmi nni nn -in^ ^ r r p c at cd ly j c anncJ 

acrooa the aeon field, within which at leaat a portion of the detected object 
lieo. At looot a portion of the oconned laaer light beam will be acattcrcd 
and reflected off the ob-iont nnri Hirnnt-nH h-,r.i, fn.fnT-,^^ and through light 
tranomiooivc window 10 for collection and detection within the head poi L i u n 
of the houaing, and oubacquently proccaacd in a manner which will be 
deooribed in detail hereinafter ^ 

To cnourc that the uacr can quickly align the viaible laaer beam with bar 
code aymbol on the detected object, the object detection field ia deaigncd L u 
apatially oncompaaa at leapt a portion of the aeon field along the operative 
ooanning ranao of thn rinwinn m i n .mt-^^f-^^ rj^^G . 3 and 3A. Thij 
atructural feature of the prcaent invention providca the uoer with an 
inoreaaed degree of control, aa once an object ia detected, minimal time will 
be required by the uoer to point the viaible laacr beam towardo the bar cod e 
oa-mbol for ooanning^ In effect, the laaer beam pointing cffioiency of the 
dovioG ia marlccdlv improved durinn t-ho -inhnmnhin h.r- r^nr^r, r -n d i ng procca a , a j 
It j.a aignifioantly eaaicr for the uacr to align the laacr beam acrooa the 
bar code o^TObol upon object dotcotioni 

To more fully approoiatc the mnnhnninmn nHipinynr) jp tvdrr t o generate the 
object detection and acan ficldo of automatic bar code reading device of ili c 
prcaent invention, reference ia bcot made to the operative elemento oontaincd 
within the hand aupportablc housinq portion 4 IB. and a C-shaped housing 
portion 41C connecting the upp er and lower housing portions, as shown. In t he 
Illustrative embodiment, each o f these housing portions has a hollow inter ior 
of volumetric expanse which is laterally accessible by a side wall opening 42 

shown m FIG. 5A tha t is typically closed off by a U-shaped side panel 43 

that snap fits over side wall opening 42. As shown, the front side wall of 
the upper portion of the housin g has a light aperture window 4 4 through whi ch 
laser light is permitted to pas s to and from a bar code symbol reading en gine 
18 mounted within the interior of the upper portion of the U-shaped hous ing 

A small PC board 45. on which the data packet transmission circuiTTi 

realized, is mount ed within the interior of the C-shaped portion of the 
housing along with transmitting antenna 23. while a rechargeable battery 
power supply unit 46 is mounted within the interior of the lower portion of 



o 



the ho using, as shown in FIG. 5A. Electrical power is provided from battery 
supply unit 46 to PC board 45 by way of a first flexible wire harness 48, and 
from PC board 4 5 to the bar code symbol reading engine by way of a second 
flexible wire h arness 47, As shown, a first passageway 49 is provided between 
the interior volume withi n the upper housing portion and the C-shaped housing 
portion in order to permit wire harness 47 to extend between PC Board 45 and 
the bar code sym bol reading engine 18. Similarly, a second passageway 50 is 
provided between the lower housing portion and the C-shaped housing portion 
houoing of the dcviac in order to permit wire harness 48 to extend between 
the battery supply unit 4 6 to PC board 45. " ~ 

As shown in FIG. 4; Qutomatio bar Qodc reading dcviGc 3 oompriooo g number of 
oyotcm componGntO/ namely; an object dGtcction circuit 16; laoor ocanning 
moGhaniam 17; photorGcciving circuit 18/ analog to digital (A/D) Gonvcroion 
circuit 10; bar codo prG0Gncc 5A, a flexible strap 51 extends from the bottom 
of the front pan el of the upper portion of the housing and has a piece of 
hook-ty pe material 52 attached to the free end portion thereof. A piece of 
loop-type material 53 is securely affixed to the dotcction module 20, bar 
GodG ocan range dGtoction module 21; fj^yTiibol decoding module 22; data format 
Gonvcroion module 23; o^inbol charaotcr data otorago unit 24; and data 
tranomioaion circuit 25. In addition; a magnetic field ocnoing circuit 26 io 
provided for dctGCtina aGannor nnppnrt- ni-.nnH 7^ ,,t.ii^ ^ manual juitch 27 ij 
provided for oclcating long or ahort range modco of object detection; bar 
code preacncc detCGtion and/or bar code a^TT± > ol reading; which will be 
dcaoribed in great detail hereinafter. Aa illuatratcd, theae componcnta are 
operably aooociated %^ith a progrnmmnhin nynfnm cnr^^r^] } -^r 29 whi c h provider a 
great degree of veroatility in ayatem control; capability and operation. The 
atructure, function and advantagea of thia oyatem controller will become 
apparent hereinafter. 

In the illuatratcd embodiment; oyatem controller 28; bar code preacnce 
detection module 20; bar code acan range detection module 21; aymbol decoding 
module 22; and data format converaion module 23 are realiged uaing a aingle 
programmable devioc; auoh ao a microproceaaor having acceaaiblc program and 
buffer mcmorvi and eictornnl fiminfj m'lrniH^iry ^^^^^ ^^ ^^ qq ^^ ^ p ^j ^^ ,^,^,^ ^^ ^ ^^ 

any of theae elcmento may be realigcd uaing aeparatc diocrcte componcnta ao 
will be readily apparent to thoae with ordinary okill in the art. 

Automatic hand aupportahln hnr nndn mnnHirirj r^^vipp p jj^ j Q includca pouGX 
receiving linea 29 which lead to conventional power diotribution circuitry 
(not ahown) for providing rcguioite power to each of the ayotcm componcnta; 
v^hen and for time prcaQrihnH hy thn nym-n^ o^n^^^n j ;^ j^^^^. ^-^^^^^ pouui 
receiving linea 20 run alongaide data communication linea 30 and are 
phyaieally aoaoeiatod with multi pin connector plug 31 at the end of flcjciblc 
ocanner cable 5. An on/off power awitch or functionally cguivalcnt device 
bottom s ide of the lower portion of the housing. With such an arrangement, 
the free end of s trap 51 can be fastened to the bottom side of the lower 
portion of the h ousing, and thus securely attach the housing to the wrist of 
the user. Foam or cushioning material 54 can be used to line the interior 
surfaces of the ho using in order to comfortably mount bar code reading d evice 
40 on the wrist of its user. ~" " ~ 



(not ahown) may be provided cuternal the hand - oupportable houoing to permit 
the uaer to aelectively enorgiae and decnergiee the device. In the 
illuotrativc embodiment; power delivered through flocible ocanner cable 5 to 
^^In FIGS. 5B, 5C, and 5 D three different wrist mounting arrangements are 
shown for bar code symbol reading device iocontinuouoly provided to oyotcm 
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oontrollGr 28 oo ao to oontinuouoly enable ito operation, v^hilc only biaoing 
voltageo and the like are provided to all other oyotcm componento. In thio 
way; each oyotom component muot be activated (i.e. enabled) by the oyatem 
controller in accordance with ito preprogrammed oyotcm control routine. 

In accordance with the preoent invention; the purpooe of the object detection 
circuit io to determine whether an object (e.g., product; document, etc.) io 
preoent or aboent from the object detection field over particular time 
intervalo opecified by the oyotom controller. When an object io detected 
v#ithin the object detection field; the object detection circuit producea 
firot control activation oignal A.oub.l ^1; which like all control activation 
oignalo; io provided ao input to oyotem controller 2 8 . Ao v^ill be deocribed 
in greater detail hereinafter; depending on the particular otage of the 
oyotcm control DrocGaa. thn nym-nm nnnt-mnnnT- ^p^pg^^j ^Yiia event by 

cauoing the bar code reading device to undergo a tranoition from the object 
detection otate to the bar code o^Tnbol (preoence) detection otate. In FICS. 5 
and 6 ; tuo different techniqueo are dioclooed for detecting the preoence of 
an object within the object detection field. 

In FIG. 5; an "active"objcct detection circuit 16A io ohown. In eooence; thio 
circuit oporateo by tranomitting a puloed infrared (IR) light oignal 
forv^ardly into the object detection field. Firot control activation oignal 
A.oub.l io generated upon receiving a reflection of the tranomitted oignal 
from an object reoiding within the object detection field. Ao illuotratcd/ 
object detection circuit 16A io realised ao an IR oenoing circuit v^hich 
Gomprioeo a oynchronouo reeciver/tranomitter 33 and an infrared LED 34 which 
gcncratco a 0 4 0 nanometer pulocd oignal at a rate of 15.0 KH3. Thio puloed IR 
oignal io tranomittGd thrnngh fnnnm'ng innn fr. illuminate the object 
detection field. When an object io preoent vathin the object detection field; 
a reflected IR puloe oignal io produced from the ourface of the object; 
opatially filtered by aperture otop 65B and focuoed through focuoing leno 3 C 
onto photodiode 37. Notably; — (i) oclection of the optical characteriotico of 
aperture otop 6 5B and leno 3 6 and (ii) the placement of photodiode 37 (with 
integrally formed long 36) behind aperture otop 65D directly determine the 
geometric characteriotico of the object detection field. Conoeguently; theoc 
optical paramctoro arc oelected oo ao to provide an object detection field 
which; ao hereinbefore explained; opatially encompaoooo at leapt a portion of 
the Qcannina field along thn npnr . ->i-i-^/n nnmninrj rnng? of the device. Ao 
illuotratcd in FIG. 5; the output of photodiode 37 io converted to a voltage 
by ourrcnt-to voltage amplifier 30; and the output thereof io provided ao 
input to oynchronouo receivcr/tranomitter 33 which oynchronouoly oompareo the 
received IR oignal with the tranomitted IR oignal to determine whether an 
object io preoent in or aboent from the object detection field. If the object 
io preoent in the object detection field; then oynchronouo 

reeciver/tranomitter 33 prndnnon firnh nnni-imi -.mi-.-Tr-^^igr^ gjgnnl A.oub.l 1, 
indicative of thio condition. Upon generation of firot control activation 
oignal A.oub.l -^l, the oyotem controller aotivateo the operation of laoer 
ocanninq mochaniom 17, phnfnrnnni iri nij n^^n^^^i■ iQj jn ^ /p pgnvc rj i o n circuit 10, 
and bar code preoence detection module 20 according to a preprogrammed oyotem 
control routine; the detailo of which will be deocribed hereinafter. 

In FIG. 6; a "paooivo" object detection circuit 16D io ohovm. In eooence thij 
circuit oporateo by paooively detecting ambient light within the object 
detection field. Firot control activation oignal A.oub.l io generated upon 
receiving light of different intenoity reflected off an object within the 
object detection fioldi Ao illuotratcd object detection circuit 1 6 D io 
rcaligcd ao a paooive ambient light detection circuit v^ hich comprioco a pair 
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of photodiodca 39 and 4 0/ that ocnoG Qmbicnt light gathered from tv^o 
opotiQlly overlapping parto of the object detection field uoing foouooing 
lenaeo U and 42/ rcapcctivGly . Notably; the optical oharactcriotioo of 
foGUjing Icnoco 41 and 42 and the plaooment of photodiodeo 30 and 40 relative 
to lenaco 41 and 42/ aolleotively determine the geometric 

charactoriotico of tho object detection field. Conocquently/ thcoe optical 
pgramotero v#ill be oelccted to provide an object detection field vfhich 
opatially eneompaoaca at leapt a portion of the oeanning field along the 
operative acanning range of the device. The output oignala of photodiodca 30 
and 40 are converted to voltagco by current - to voltage amplifiero 43 and 4 4 
reapectivelvi and are provided nn i npni- i-n n Hi f f r^ir^nt lal amplifier 15. The 
output of differential amplifier 45 io provided aa input to a aample and hold 
amplifier 4 6 in order to reject GO He and 120 lla noioc. Output aignal of 
amplifier 4 6 ia provided ao input to a logarithmic amplifier 47 to compand 
aignal ov^ing. The output aignal of logarithmic amplifier 47 io provided aa 
input to g differentiator 48 and then to a comparator 40. The output of 
comparator 4 0 providea firat control activation aignal A.aub.l. When an 
object ia preaent in the object detection field/ the output of computer 40 
providea control activation aignal A.aub.l -1. 

Alternatively/ the automatic bar code reading devico of the preaent invention 
can be readily adapted to acnae ultraaonic energy reflected off an object 
preaent within the object detection field. In auch an alternative embodiment/ 
the object detection circuit of the preaent invention ia realized aa an 
ultraaonic energy tranamitting/reeeiving mochaniam. In the head portion of 
hand aupportable houoing 0, ultraaonic energy io generated and tranamitted 
forwardly of tho houoina head portinn ^n^n hhn ni.jr.n^ nir^t^otion field. Then, 
ultraaonic energy reflected off an object within the object detection field 
io detected cloaely adjacent the tranamiaaion window uaing an ultraaonic 
energy detector. Preferably/ a focuoing element ia diopoaed in front of the 
detector in order to effectively ma3cimiae the collection of reflected 
ultraaonic energy. In auch inotancoo/ the foeuaing element eoaentially 
doterminoa the qoomotrical charnnt nri m- i nn nf i-hn ^kj^^^ detection field of 
the device. Conacquently/ ao with the other above deacribed object detection 
cireuita/ tho energy focuoing (i.e. collecting) characteriatica of the 
foeuaing element will be aelectcd to provide an object detection field which 
apgtially enoompaooeo at leaat a portion of the acan field. 

For purpoaeo of illuotration, ohjnni- Hni-nni-inn n-;T-r.yi|t 16A ahoun in TIC. 5, 
io provided with tv^o different modea of detection/ namely/ a long range mode 
of object detection and a ahort range mode of object detection. 40. As shown 

^' thooe modea arc act by thc SB, the laser scan and object detecti 
fields extend laterally transverse to the pointing direction of the user's 
hand on which ovotem contronnr nm' ng mnHn nnnh].. ^^pj^jjg E.aub.IRT -Q and 
E.oub.IRT ^1; rcopectively. When induced into the long range mode of object 
detection/ the IR aenaing circuit will generate firat control activation 
aignal A.aub.l — 1 whenever an object haa been detected within the operative 
range of the object detection field/ independent of the particular diatancc 
at which the object rcaidea from the tranamiaaivc window. When induced into 
tho ahort - rango mode of object detection/ tho IR ocnoing circuit will 
generate firat activation control aignal A.aub.l — 1 only v^hen an object ia 
deteoted at a diatancc within the ahort range of the object detection field. 

Aa aehematically indicated in FICC. 3 and 3A/ the long range apecif ication 
for object detection ia preferrably preaelected to be the full or entire 
range of oenaitivity provided by IR ocnoing circuit 16A (e.g. 0 to about 10 
inohea). Preferrably/ the ahort range apecif ication for object detection ia 
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prooGlcotGd to be the rcduGGd range of ocnoitivity providod by the in ocnoing 
oirouit when mode enable oignal E.aub.IRT — 1 io provided to the 
de£3enaitiaQtion port of oynohronouo reeeiver/tranamitter 33. In the 
illuotratod embodiment; the ohort range of object detection io about 0 to 
about 3 inoheo or ao to provide CCD like acanncr emulation. Ao i^ ill bceom u 
apparent hereinaftori the inherently limited depth and v^idth of field 
aaaociatcd v^ith the ahort ■■ rnnr|P mnHn nv.jr.r.^- ^p^pp^j^ g ^^ pj,,^^^,^^^^ laPGi 
aeanning mcohaniam 17 from flooding the ooan field with laaer aeanning light 
and thua inadvertently detecting undcaircd bar code a^Tubolo. Partieular uaea 
to which object detection range aclcetion can be put; will be deacribed in 
greater detail hereinafter with reference to ncC. IIA through I C D in 
particular. 

Aa illuatrated in FIC. 4 ; laaer aeanning mechaniom 17 compriaea a light 
aource 50 which; in general; may be any aource of intcnae light auitably 
aeloeted for majtimiaing the rcflGctivcly from the object^ a aurface bcaxiii y 
the bar code aymbol. In the illuatrativc embodiment; light aource 50 
compriaea a aolidotatc vioible laoer diode (VLB) which ia driven by a 
conventional driver circuit 51. The wavolcngth of viaible laaer ligh t 
produced from the laaer diode ia preferably about 670 nanometera. In ordci L o 
repeatedly acan the produced laaer beam over a ooan field having a 
predetermined apatial cutent in front of the head portion of the houaing aa 
illuatrated in ncC. 3 and 3A, a planar aeanning mirror 52 ia oocillated back 
and forth by a ateppcr motor 53 drivnn hy n nnnTmn^ i ^ driver circuit 51 
However; one of a variety of conventional laaer aeanning mcchaniama may be ' 
alternatively uaed with ejcccllcnt reaulta^- 

To aelectivcly activate laaer light aource 50 and aeanning motor 53; the 
oyatcm controller providca laaer diode enable oignal C.aub.L and acanniu u 
motor enable aignal E.aub.M ao input to driver circuita 51 and 5 4 ; 
rcopectivcly. When enable aignal C.aub.L ia a logical "high" level (i.e., 
E.oub.L -1 ) a laaer beam ia generated and projected through the light 
tranamiaaive v^indow 10 and whnn r . . .nnh m i n -> i r.rjA r.^] ^^gh lc"cl the lajci 
beam io repeatedly acanned aoroaa the acan field. 

When a bar code a^Tnbol on an nhnnnt- n iMhhin fhr. n^- , n fj rl d at the time of 
aeanning; the incident laaer light on the bar code will bo aoattered and 
reflected. Thia acatterina/rcif 1 nnf i nn prnnnnn pirr.ri.^r,n , ^ ^ I g j c r light return 
oignal of variable intcnaity whinh rnprnnnnt-n n npnt-jpt] va r iati o n of light 
reflectivity charaoteriatio of the apaced apart pattern of bara compriain y 
the bar code o^Ttibol. Photoreceiving circuit 10 detecta at Icaat a portion of 
the reflected laaer light of variable intcnaity. Upon detection of thia 
reflected laaer light; photoreceiving circuit 1 0 producea an analog acan data 
aignal D.aub.l indicative of the detected light intcnaity. 

In the illuatrativc embodiment; photoreceiving circuit 10 generally compriacj 
laaer light oolleotion optico 55; v^hioh foeua reflected laaer light for 
oubaequcnt detection bv a phnrnmnni tfott h^..ir^j^ ^^^^^^ ^ ^ fr o nt o f ila 
acnaor; a frequency aelectivc filter 57 which only tranamita optical 
radiation of wavclengtha up to a omall band above 6 70 nanometera. 
PhotorccGiver 56; in turn; producea an analog aignal which ia auboequently 
amplified by preamplifier 50 to produce analog acan data aignal D.aub.l. In 
combination; laaer aeanning mGchnninm 17 nnH pVi^^t orcociving circuit 10 
cooperate to generate analog aoan data aignalo D.aub.l from the acan field; 
over time intervala apecifiod by the oyatcm controller. Aa will illuatrated 
hereinafter; thcae acan data aignala arc uaed by bar code preacncc detection 



o 



o 



modulo ao, bar code ocan range dctcGtion modulG 21, and aymbol decoding 
module 22 to perform particular functiona. 

Ao illuotrated in FIG, i . nnning nnm r^n^-, r^i^jr^^] p. -jubil ij provided gj 
input to A/D convcroion circuit 10. Ao io well Icnonn in the art, A/D 
convoroion eircuit 10 proccaoco analog acan data aignal D.aub.l to provide a 
digital aeon data aianal D.nnhP whinh .mnnmhin^j jp f or m, o pulac uidth 
modulated aignal, where logical "1^ aignal Icvcla repreaGnt apacca of Lli u 
acanncd bar code and logical "0" aignal lovclo rcpreaent bora of the aeanncd 
bar code. A/D convcraion circuit 10 can be rcaliaod by any conventional A/D 
circuxt uoll known to thoac with ordinary alcill in the art. Digitiacd jcdii 
data aignal D.3ub.2 io then provided aa input to bar code proaoncc dGtLctl u ii 
module 20, bar code ocan range detection module 21 and oiinbol decoding module 

The purpooG and function of bar nnHn prnannnn r)ni-r,^^-ion module 20 ij ta 
determine whether a bar code ia preacnt in or aboent from the acan field over 
particular time intorvalo ODoeiflQri hy i-hn nynhnn. r.n^^^nTi^r i When j bar code 
O'jTnbol la detected in the an.nn finid h-,^ nnrin rlrtrrt i o n m o dulu 20 

goneratco oecond control activation aignal A.oub.2 (i.e., A.aub.2 1) uhich 

10 provided aa input to the nyni-pm nnn^■lrr , ^ ^ nr-, -^r, jhown in FIC. 1. 
Preferably, bar code preaence detection module 20 ia rcaliacd ao a miorooode 
program carried out bv the mioroprnnnnnnr nrr< -,nnnr,j -^n^ r r igram and buffci 
momory, deocribed hereinbefore. The function of the bar code preaence 
detection module io not to carry nni- n rinnnrUng ^r^p-^oc, but rather to 
rapidly determine whether the receivr-r l nnm Hn^^ n.gr^nin i-^r rc T c nt 3 bar code 
aymbol reaiding within the acan field. 

There are a number of waya in which to achieve bar oode prcaenoo detccti o a 
through a programming implementation. For cjiample, in the preferred 
embodiment, bar code preocncG dntPni-inn mnHnin on inff^eto the firat and 
acGond bordcro of the bar code ajTiibol "envelope'' . Thio io achieved by firoL 
proocooing a digital acan data aignal D.oub.2 to produce digitial "count" and 
'aign" data. The digital count data ia rcprooentative of the meaoured time 
interval (i.e. duration) of each aignal level occurring betweon detcoL c d 
oignal level tranaitiona which occur in digitiaed acan data aignal D jub 2 
The digital aign data, on the other hand, indieatco whether the aignal level 
botwcon detcotGd aiannl Innni t-r-mn-i h< nmr. cither a logical "1", 
ropreaentative of a apace, or a logical f'0^ rcpreocntative of a bar within a 
bar code ai-mbol. Uaing the digital count and aign data, the bar code preacnec 
detection modulo idcntifioa thn f i mnt- mri nn„n.,^ h-r rirr o o f the bar cuJu 
envelope, and thereby dotn-rminnn ,,hnMir,.r ^v,„ ^ 

oiTtibol 10 repreoented by the aoan data oollootcd from the aoan field. When a 
bar code oi>mbol envelope io detected, the bar code aymbol preaence detection 
module providea accond oontrril nnt-iuntinn n. jnni ^ p i t o the jyj l jm 

controller. Ao will be deacribed in greater detail hcroinaftcr, ac eu nd 
contr ol activation oignal A.jub.2 "1 cauoeo the device to undergo a 
trano ition from bar oode preaence detection otatc to bar oodo oi-mbol rea d in g 
e^-a^the bar code symbol readi ng device is mounted. With this laser sca nning 

arrangement, the us er reads a bar code symbol 55 on an object by eith e^ 

presenting the bar code symbol to the light transmission window of the ba r 
code symbol reading device, or bv m oving the light transmission windoV^ ths 

bar code symbol reading device su ch that the laser scanning beam pr^ii ^ 

across the bar code s ymbol to be read. This scanning arrangement~ii ~'^ 

advantageous in various applicat ions where the user desires to read a bar 

code symbol on a detected objec t that is not located along the rjluTF il 

pointing direction of the user's hand. ' 



Similar to tho object dotoGtion cirouit dGaoribod abovo; the bar code 
prcaGnoQ dctCGtion module ia provided with two different modco of dctcotion; 
namoly i a long - range mode of bar code prcoenoe dotcGtion and a abort rango 
mode of bar code preoGncc detGotion. As shown in FIG.4| theae long and ohort 
range modco are aet by the ayatcm oontrollcr uoing mode aelcGt onable aignala 
E.aub.DCD -0 and C.oub.DCD ^1, reapcctivcly . When induced into the long range 
mode of detection; the bar code prGoonce detection module willgcnerate aecond 
control activation aignal A.aub.2 --1 whenevor the onvelopc of g bar code 
ajfTObol haa been detected; dcapitc the particular diotance the bar code io 
from the light tranamiaQivn winHnti nn. , ,nTTnyj ,,^r.n induced into the jhort 
range mode of detection; the bar code preaonce detection module v^ill generate 
aecond control activation aignal A.aub'2 — 1 only when the envelope of a bar 
code ovmbol haa been dotoni-nH ->nH nVinn i-hn nnr^.^r.^ , - ) |-p^ digital count (i.e. 
timing) data indioatea that the detected bar code reaidea within the ahort 
range portion of the acan field. 

Similar to long - range apocif ication for object detection; long range 
apocification for bar code preaence detection io prcaelectod to be the entire 
operative acanning range available to the device. In an illuatratcd 
embodiment; thio range can be from about 0 to about 10 inchca from the 
tranamiaaion aperture; depending on the optica employed in the laaer acanning 
mochaniom and tho reoponnQ nhnmnt-nri m- h nn ^-^^ p^'t nrc cc iTing circuit. 
Theae long and ahort range apecif icationa are ochematically indicated in 
FIGS. 3 and 3A. In the preferred embodiment; ohort range apocification for 
bar code preaence detection ia preoelectcd to be the aame range aelected for 
ohort rango object detection [e.g. apprcuimately 0 to about 3 inchca from the 
tranamiaaion aperture) . Aa will become apparent hereinafter; the inherently 
limited depth and width of field aaoociated v^ ith the ahort range mode of bar 
code aymbol detection; preventa the reading of detected bar code a^TObola 
roaiding outaide the ahort range portion of the acan field. 

Unlike the bar code aymbol preaence detection module; the purpoae and 
function of bar code acan range detection module 21 ia not to detect the 
preaence of a bar code a^onbol in the acan field; but rather to determine the 
range (i.e. diatanoc) at vfhich a detected or decoded bar code a^yTtibol reoidco 
from the light tranamioaive window of the houoing. Aa will be cjcplaincd in 

detail hereinafter; thio data proccaaing module operatca upon digital 
acan data aignal D.aub.2 which hnn hnrn prnfri mmi y .^^iii^,^^ cither the bax 
code a^TObol detection module; or the aymbol decoding module depending on the 
atate of the oyatem. 

When the ayatem io induced into ita ahort range mode of bar code preaonce 
detection; bar code preaence detection modulo 20 doea not automatically 
produce and provide aecond control activation aignal A.aub.2 — 1 to the ayatcm 
controller upon the dotcctinn nf ■ -> h-.ir nnHn n^m.Kn] the ^r c an field. Rathci, 
when g bar code aymbol haa been detected; tho bar code preaence detection 
module firot providea to the ayatem controller; a aecond control activation 
aignal A.aub.2a -1; indicative of a dctcctod bar code in the acan field. 
Then; bar code acan range detection module 21 analygco digital count data 
D.aub.cl produced by the bar code preaence dcteetion module; to determine at 
what range the detected bar codo a^iifibol reaidea from the light tranamiaaive 
window. If acan range detection modulo 21 determinca that the detected bar 
code aymbol io located within the preapecified ohort range portion of the 
acan fieldf then it providcn nnnnnH nnnfrni nnhiTr-.f.|r.n signal A.aub.bC -1 ta 
the oyatem controller; othcrwiac; tho aoon range detection module produceo 
aecond control activation aignal A.aub.2b --0. Only when both control 
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aotivQtion jignalo A.jub.aa ^1 and A oub.ab 1 gro rGCGivcd by the oyotcm 
QontrollGr in thio mode, doco A.jub.a -1 and Uma tha bar code reading dc.i uc 
oauocd to undergo g tranoition from bar code j^ u ibol prcacnGc datCGtion ^La Lc 
to bar Gode oymbol reading otatCi 



Returning to FIG. \, the function of ji^rmbol deooding m u dule 22 ia to procGDj, 
Qcan line bv ocan lir ^ -^^^ ^ 



by ocan line; tho otroam of digitiacd ooan data D.jub.2; in an 
QttGmpt to dGoodG Q valid bar code o^^nibol within a prGdctcrminGd time p ui i u J 
allowed by tho pyotcm oontrollGr. In general; whon p^Tnb o ] deooding rn u dulL 22 
ouoGGOofully dGGodGD a bar oodo oyrmbol within the predotGrminod time period; 
oymbol charaotor data D — ^ • — ^ ' 



to tho deoodGd bar codo oymbol io produocd 
activation oi 



oub.3 (t^Tpically in ACCII oodc format 



Qorrcoponding 
■ Thorouponi a third control 



Lgnal A.oub.3bl — 1 io produced by the oymbol decoding 



. 'jj^ , ' y^^^^^^ii^j — module — and 

aoprovided to the oyatom oontrolUr in order to perform ito gyotem coaLi u l 
lunct iono . 



Similar to the bar code prcaencc dctcGtion module, the Jionbol decoding module 
lo^proyi dcd with t»o different modej of detecti o n, namely: g long range lu u d c 
and a abort range mode of bar codo oymbol deooding. When the o^ i jL li u lu 
induced into ito ohort range modo of bar oodc ajuibol deooding, gy ii ib u l 
deooding module 22 docj not automatleally geneiato third a cL lt.Tation oigggl 
A.oub 3 -1 upon decoding a valid bar code JiTnbol. Rath n r, when a bai uu J c 
oambol haa been aucceoofully decoded, the oynUjol decoding unit firjt u i u ^^U l j 
to the oyotcm controller, a third nnt-nrnt-inn nn.^,r-i ^jjn n l A.jub.Jg 1. 
indicative of a decoded bar code oi-mbol in tho ooan field. Then, bji m d u 
ocan range detection module 21 analygeo digital count dalu D aub.c2 pi u du u Ld 
by the oymbol decoding module, to determine a t what ran g u (i..c. diatau uc) L h c 

decoded bar code ovmbol rani rim f^nn. ^ . ^ ^j^ n nr rrtrur c . If L h- Lai 

code ocan range detection module dcterminco that the dc onind bar c u du j>mL o l 
rooidco withm the preopccificd jhort range portion of Lhn ooan field, Lhlu 
It providco third control aetiyation oignal A.jub.Jb "1 to the jyjLu i i 
oontrollcr/ othert > ioc, bar code ocan range dctootion module produceo Lhlid 
oontrol activation oignal A.oub. 3b -0. Only when both control activati a u 
oignalo A.oub. 3a ^1 and A.oub. 3b 1 aio received by the oyotem c ontroller in 

A. oub.3 -1 and thuo bar code reading device c auoed to und ciuo 
g tranoition from the bar oodc o^ i tibol readin g otate to Lhn oiTribol chaLa Z lli 
data tronamiooion/otoragc otatc. 

The long range and ohort range modeo of bar code oymbol dctcoti u ii and 
decoding doocribcd abo ., TG each re q uire the uoc of bar code ooan ran yc 
detection to determine ^>hether or nut the detected or decode d bar code jymb o l 
rcoidco in the ohort or long range portion of the ocan f i eld, Ao ju c h, Ui c 
uoc of thio ooan data prooeojina teohnim.r , ^ , nrn,i^^ ^>. . ,f prc j cuL 

invention to condition tho oecuranoo of particular evcntj u ithin thu jy u L c m 

oontrol program. Thio f ni M i rr nf rim p.nn... ; .^ . ^ b e " illu"] Lra[Ij"'... 

hereinafter .,hcn dcocribing ouHilliar^ oyotcm contr o l routine o f 
p io6 . — o A and 8 D. 



Aowill be illuotrated in greater d e tail hereinafter with refcronac t o riCC 
B^and DA, tho oyotcm oontrollcr providco enable oignalo C.oub.rc, C jub DC 
and E.oub;DT to data format emi^nrninn mnrinin ot , -i.h^ ^mrn gi : unit 21 jiiJ 
data tranomiooion circuit 25. i-cnpnnt i vn i y n^ itagco of i c j 

oontrol program. Ao illuotrated in FIC. 1, oymbol decoding m nri ulc 22 u i u vld ej 
oii-mbol character datn n n..h i ri.^. ^..^.^ -Mn l r ?! t o co m iL iL duul 

D^b.3 into two differently formatted f.mnn nf n^n^hni ^ i. i ti, rui i i,l, 

P-oubil and D.oub.5; Format n.Ti.mrrnH n. | n.hni nh.>..^..r ^ ^ t n I f iiiih l 1 jj u £ 
the "paclccd data" foriu^t- n-.rM- n„ i .mi y .H.j.^nrt .ff ,-.;,. ^^ i r ni n jL in Jg i^ 
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otoraao unit 24. Format: nnnvnrt-nri n^rmhni nh^rrirtcr data D.jub.5 ij 
partioularlv adapted for data fnnnminninn tn vr.. ^^^ i ri i trr -ij -i t tm C [c. j jii 
olootroniG caoh rooiatorl i When nymhnl nhi>-.n«-nr gjata D.jub.l io to be 
oonvcrtcd into the format of the uocr'a ohoiGc (baaed on a oelGGtcd option 
mode), the ayatem Gontrollcr providea onablG aignal E.aub.DC to data atoragc 
unit 21, aa ghown in FIG, i. Cimilarly, when format convertGd data D.jub.5 Lu 
to bo tranomittcd to hoot dGvioo 6, the ayatem oontrollcr providco enable 
oignal E.aub.DT to data tranomiaoion circuit 25. Thereupon, data tranaroiaaion 
oirouit 2<l tranomito format aonvortrd n.jmihni nVn^-,.,^-^^ ^^^ ^ r.jub.5 to hojt 
oomputer gyotcm 6 , via the data tranamiaaion linoo of flouiblc acanncr 
oonnootor oablo 5. 



In order to aclGGt cither the long or short range mode of objoot (and bar 
code range dcteotion. thr hmri n.,prn^i--.hi ^ ^ir rnd r r ead ing d eu iue ij 
provided »ith both manual and aui-nmnfnri mnnh-,n<n^n fm- rffcctunting jueh 
range aolcotionoi 

For citample, a manual owitoh 27 in mnnntrr) nn hhn •ii irfnrr c o f the handle 

portion of the houoing, ao that long and abort range modcj of object and bar 
oodo range deteotion oan be oeleoted by oimply deprcaoing thia awitch wiLli 
onea thumb v > hile handling the bar oode reading devioe. Thia owitoh providej 
oontrol activation aignal A.oub.l ^1 to the oyotem eontroller, whioh in turn 
goncrateo the appropriate mode cnoblo oignal E.oub.inT. 

In the illuatratGd embodiment, mngnnt-in finiH nn^njng -^jm i it 26 ia o p er ably 
aaoociatcd with the avatem eontrnnor tn -i„<- nn.ni- ^ ^-^ ] i y gen e rate control 
activation oignal A.3ub.4 — 1 when the hand oupportable bar oode reading 
devioe lo not oupported t^ithin aoannnr nnppnrt- nhn^n -» t> n .^^n deacribcd 
in greater detail hereinafter, ooanner oupport atand 3 includco a meana l u i 
producing a magnetio field in proximity with cither one of the head or handle 
portion aupport atruoturco 12A and 120^ With thio arrangement, magnetic field 
aonaing circuit 2 C gcncratca control activation oignal A.jub.4 — 1 uhen the 
magnetic field io oenoed while the hand oupportable bar code reading devl e c 
10 reoeivcd within the aeanner oupport otand. Additionally, a indioator li u liL 
can be provided on the houaing of the hand aupportablc device to vioually 
indicate the partioulnr mnHn nh h-,n hnnp minn n ny or a ut o matiojllu 
oelected. 

In general, magnetic aonaing circuit 26 compriaea a magnetic fluic detector 
60, a preamplifier and a threohold dnt-oni- i nn nirm1^^ ^^^^^^ ^^^^^^^^ 

60 produoco ao output an eleotrioal aignal roprcoQntativc of the intonoity of 
dotoctod magnetio flu» donaity in ita proicimity. When houaing 0 io received 
and oupported in aoannor aupport atnnri ? m nhn..n^ f.,. -Tr n mp l c, in ncc 1, 
13, 15A and 15D, and 17A and 17D, magnetio flun dctcotor CO io in poaition Lu 
detcot magnetic fluu emanating from a magnetic bar fiaiedly mounted within the 
handle portion oupport atructuro of the aeanner aupport atand. The produced 
eleotrioal oignal from the magnetio fluii detector io amplified by the 
preamplifier whoac output ia compared to a prcdGtcrminod threahold maintained 
in the thrcahold detector oirouit. If the intcnaity of the detcGtod magnetic 
flujt eitecGda the threahold. long rannr nnnt-rni nm-^ - ^ gjgnji A.jub. 1 1 
±0 provided to the oyatom Gontrollcr> 

Ao illujtrated in nc. 2A, magnetio fluM doteotor 60 ia mounted to the 
rearward underoidc aurfaoc of the handle portion of houaing 0. in thu 
illuotratod embodimont, a forrouo bar 61 io interiorly mounted to the 
undcroide ourfaoo of thn hnii.ninrf hnnriin pn.r«-inr, ?hoirn_ .la t;ill be 
dcacribed in greater detail hcroinafter, thia arrangement faeilitotca 
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rcleQaable magnctig attQchmcnt of the hand aupportablc houaing to the 
magnetic bar fij[cdly inatallcd in the handle portion oupport otruGturc of th e 
ocannor aupport otand. Preferably, a hole 61A ia drilled through forroug bai 
inotallation of magnetio fluu detector 60 go that magnetic riuji 
emanating from tho handle portion aupport atructurc ia dctootablc uhcn the 
hand aupportablc houaing io placed within the acannor aupport atand, aa ahowii 
in FIGS. 1, 13, ISA and 15D, and 17A and 17D. m thia configuration, magnetic 
fluK detector CO io in projiimity with tho oourco of mognotio flun (i.i.> 
magnotio bar in Lho acannor oupport atand) and thuo long range control 
activation oignal A.aub.j — 1 io provided to the ayotom controller. In 
rcopo noe, the ayatom controller cnablca long range object detec ti o n (i.e. 
E.oub.IRT ^0). When the hand aupportablc houaing ia removed from the ocanncr 
oupport atand ao ahown in riCC. 2, IIC, IIB and ICD, tho intenoity of the 
magnetic fluit from the ocannor oupport otand ia no longer oufficicnt in 
otrongth to produce long range morir Tni-i,T-.hinn n,-j^pi j rs , -j^^ inat c ad, 

ahort range control activation oignal A.aub.1 -0 ia provided to the ayatem 
controller. In rcaponae, the oyatcm controller enableo abort range ob iccL 
detection (i.e. D.aub.inT ^11. -<nH ^h^ nn^nn.-,i-^. i,.,^ ■ii i rr n rtablc bar cud^ 
reading device cmulatco tho operational range of a CCD ooanner. 

AO illuatrated in TIC. 3A, a thin ferroua plate 62 ia eKtcriorly applied L u 
the underaido of the head portion of the hand oupportable houain g . Ao will be 
doooribed in greater detail hereinafter, the function of frrrrouo clcmeu Lj CI 
and 62 lo to provide a meana by which the plaotic hand aupportablc houain g 
can be magnetically attracted by magnetic clcmcnta inatalled within head and 
handle portion oupport atructurea 12D and 12C when the bar code reading 
device lo placed in the acannor aupport atand. 

It io undorotood that there are a variety of wayg in which to configure the 
above dcaoribed ayatem oomponento s athin the hand aupportablc houaing of Ll i e 
automatic bar code reading device, while auoceaofully carrying out of 
funotiono of the prcoont invention. In ncc. 2A thiough 2D, one preferred 
arrangement io illuatrated. - 

In FIG. 2A, the optical arrangement of the ayatem compononta ia ahown 
Specifically, viaible laoer diode 50 ia mounted in the rear corner of' e ii e ui L 
board 63 inatalled within the head portion of tho houaing. Ctationary concave 
mirror 55 ig mounted centrally at the front end of circuit board C 3, 
primarily for the DurnoaQ of nn^1nn^^rrf innn^ i j^t rr f l rrt cd o ff d ctc m i :J 
objccto. Motably, tho height of nnnnnTm mi^^nv .,3 n o t to blu Ui 

tranomiaaion aperture 13. Mounted off center onto the ourfaoe of concave 
mirror 55, lo a very omall accond mirror 0<\ for directing the laoer beam t u 
planar mirror 52 which io oonncoted to the motor ahaft of ocanning motor S3, 
for joint oaoillatorv movemP-ni- t-hrrr»ihh nn nv,-,.^^ i -ii nn i ng m o t o r 53 jj 
mounted centrally at the rear end of circuit board C 3. In tho oppoaite i c ui 

oorncr of circuit board 63. ohoto r inf nnt-nr nr nn^ f.nn^ ^. .^i^ ^ ^..^ filt -> 

57 ore mounted. 

In operation, laaer diode 50 adjacent the rear of the head portion produecj a 
laoer beam which ia directed in a for w ard diiootion to tho amall atati o nai y 
mirror CI and ia then reflected bade to oaeillating mirror 52. OooillaLla^ 
mirror 52 dirocto the laoer beam through tranomiaaion aperture 13 and li g lii 
tranomioaivo window 10, while rcpeatodly acannlng the lojcr beam aoroj^ l^ 
ooan field. Under the control of tho uoer, Lho viaible laaer beam io aligne d 
v ath a bar code o^rmbol on the detected object, ao that the laoor beam j e un j 
the b ar and apace pattern thereof, A portion of the a e attcrcd laoer light 
rofleotcd from the bor code a^-mbol ia dirootcd back through tho light 
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tranomiooivG windou and towardo oaoillating mirror 52, v^hioh qIoo acto gg q 
light rotrorcflootivo mirror. Oaoillating mirror 52 then dirocto the 
roflootod looor light to atationary oonoavG oollGOting mirror 55 ot the 
forward end of the head portion of the hand - oupportablc houoing. The laacr 
light collected from the conGavc mirror 55 ia then dircotcd to photodctcator 
5 6 to produGG an GlGotrioal aignal rGprcaGntativc of the dcteotcd intonaity 
of the laoor light rGflootod off tho bar oodo aymbol. 

AO illuotratod in nc. 2C, IR LED 31 and photodiode 37 arc mounted to oirouit 
board 63, in front of otationary nnnnnwn miirrnir kk n^r^ j slightly offjct 
manner from longitudinal aicio 15 of the head portion of the houoing. 
Apcrturco 65A and 65D arc formed in opaque houoing panel 14D, below 
tranomioaion aperture 13, to permit tranamiaaion and reception of puloed m 
energy aignalo, aa horcinbeforG dcacribGd. In order to ahiold in radiatloii 
from impinging on photodiode 37 vin thn hnnn^rg, -, ^n^.^■,^^ nrticjl tube CC 
having on aperture 67 cncaaea photodiode 37. The dimenaiono of aperture G 7, 
the placcmGnt of in LED 31 and ita radiation tranamiaaion Gharaoteriatica 
oolleotivGly will dotermine the radiation pattern of tho tranamittcd in 
aignal from aperture 65A in the hnnnin i j Tn mrHr,,. collect puloed in 
radiation from the object detootinn finiri nf r i n.^j,,nH jn^p,^^^^^ ph o todiode 37 
10 loeated at a aoleoted diatance behind aperture atop C50 formed in opaque 
houoing panel 110, aa ahown in FIG. 2D> By aelcQting the dimcnaiona of 
aperture atop 65D and the plaaGmcnt of photodiode 37 (and integrally formed 
Icno 36) behind aperture atop 650, the deoired geometrical eharacteriatica 
and the objeot deteotion field can bo directly determined, aa deaci-ib c d 
hercinbofore i 

In order to prevent optical radiation alightly below 670 nanometera fro ii t 
paaaing through tranamiaaion aperture 13 and entering the houaing, li g h t 
tranamiaaivo window 10 ia rcaliaod aa a plaatic filter lena 10 ia injtall (. d 
over the tranamiaaion aperture . Thia plaatic filter leno hao optical 
oharaoteriatica which tranamit only optical radiation from alightly below C 70 
nanometcro. In thia wav. the nnmhi nni-i nn nf ]ni-,n<-jr, fj-jt r r l e na 10 at the 
tranamiaaion apcrturo and froauonov .nnl nni- i .m fin-n,- ^..f ^ ^^ ph o torcccivcr 
5 6 oooperato to form a narrow hnnH . pnnn nJ.^■^r,-,^ fji^^r having a center 
frequency f.aub.o -670 nanometera. By permitting only optical radiation 
aooooiatcd with the vioiblc laoor beam to enter the houaing, thia optieal 
arrangement providca improved oian . -.1 m nninn imt-^n fn,r ^^t-ctcd acan data 
aignola D.oub.l. 

In addition to the above deacribcd optical and electrooptical eomponcriLj, 
oirouit board 63 carrica all other electronic eomponenta and aaaociatcd 
Girouitry uood in roaliaing in object detection circuit ICA, ooanning 
mcGhaniam 17, photorccoiving circuit 10, and A/D convcraion 10. With reapcct 
to the other ayatcm componGntn. n nr.nnnr i nirnn^i- hn.^,^ m mounted tjithia 
tho handle portion of the hniininfyp nn nhn..n n rjr^r p , n , op ^^^^ funeLiun 

of oircuit board CO ia to carry clGCtronio eomponenta and aaaoooiatGd 
circuitry uaed in realizing bar oode prcacncG detection module 20, bar code 
aeon range detection module 21, aymbol decoding module 22, data foii i ia i. 
oonveroion module 23, data atoragc unit 21, data tranamiaaion circuit 25, 
maqnotio field detection nirmiii- -ic , m-.nM-,i ^^r,j^/^„r ^ j. nrl r rfi n n nirlt c h 27, 
and ayatem controller 28. All conductora aaaociatcd with fleitible multiwiic 
ocann er cable 5 arc Glectrieally connected to circuit board 60 in a mannci 
well known in the art. Elontrinni nnmnmni n-.hi nn hn^..n.,n r i r ni it b o arda C3 uuj 
6 0 10 rcaliecd uaing a plurality of olGOtrioal wirea jumping acrooa theac 
circuit boardoj 
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Having dcooribcd the dotailcd atru^tuirc and internal fun u tiono of the 
automatic bar aodc reading dGvicc of the illuotratiwc e mbodiment, thc 
oporation of ito ayatem controller nill nou bo dcacribed with rcfGrcnee L u 
o yotcm block diagram ahown in riG. 1, and to Dlocka A to CC ohown in nCC 7 



Beginning at the CTART block of Mnin rym- ■ ■ nr^^.y ^ -j n ,,i. t -i nc o f nc 7 aiU 
prooceding to Block A, bar code reading dcvl c o 2 ia initialiEcd. Thia 

in aonaing e iicuit 16A and the ayatem 
controller. The ayatcm oontrollor, on the other hand, doaotivatea (1 e 
dioablco) the remainder of activatnblc ayatem componenta; e.g. laaer'di u d e 
50^ ocanning motor 53, photorecciging circul L IS, A/D eon^oroion eii u uil 10, 

deteetion module 20, bar code j u an data ran g e detection 
module 21, oi-mbol decoding module 22/ data fama l converaioa module 23, da l a 
atorage unit 2i, and data tranamiooion circuit 2G. Al l timera T.jub 1, 

r.aub.l and T.aub.5 (not ahoHu) maintained b, the'ayatem 
controller arc react to t'-Q oocondo. ^-^rr^^rron 

°' "y^^^"' c u ixtrollar eh ee k. i t o determine ^ai uL h ei 

^^g^'^l A.aub.l 1 .jg rcoQived from in aenaliKi circuit ICA. 

^^^^-^ ^he ayntcm c u uLi u ll e r return. L u Lh e 
^ icocived, indi e ative that an object h aj 
been detecte d n ithin the u hj n ot deL eeL i u n field, Ti; : u j - hc ayatem .u aW eL^ 
r ; .^oeeda t o DJ nn k at uhi e h t i mer T..uL.l . in ^tart^d una lo permit L u d L: 
5?"-!" ^i"""""^ ^^ •"^ "-g- O-lforoq.T.aub.l, . It n ro r i.J j .ou udu, gad 

-^" ^ permiLL L d Lo run for u pieaet time pei i oT^ 
O.ltorcq.T.aub.2 .Itorcq.S aocondo; 

Proceeding to Dleok D la FIG, 7, the jyntom conti u llor activatea laaer diode 
50^ ac anning motor 53, t i hotorecei .lag circuit 10, A/D oonveuion cireulL 10 
andbar oodo prcaence detection module 20 in u idcr to ooll e et and anal>. e 

oodo la within the oean field. Then, at Block E FIG. 7Arihe ayatem 
oontrollcr chccka to determine »hethnr nnrh,--i . j ^ ^^^^ ^ ^ 

loreceived from bar c o de prcaence detection m o dule 20 wiLhin time peri o d 
l.ltorcq.T.aub.l .ltoroa.3 nannnd.^ Tf nn^,',.^... -nrm l -)ijn ,-i l n .j uL 2 1. 

within L hia r n riod, U. e a L hn .y.tcm L o aU un cr pro e^e'd a" ^ 
Block r. At Block r, the a-.atr,m .. nnfrnn n.- -i i ^. p, ,^ . 

qoanning motor 53, photoreooiving circuit 10, A/D converai n n oircuil 10 gad 

"' ^^ " ' ^ ao" Then fhn gyotcm eu aLr n llcr i u mgiau uL 
Block C until It reccivca contr r. 1 nnhi„nt-^n,- ..^^ . ^ , „ i , p ^-^ ^^^ ^ 

no naing cireu i t ICA, ladi c g M. re that Llie nh ject ia a u l ci n r , n r in t he u bi e.L 
- h- CT^n? l ^-' l : ^^ "dlt in n eniaL^rLU: ny:tr.m c a V.Li u llor retuZaa L u 

Tf^however, the ayatem controller locoivca contiol activation oignal A.jub 2 

0-U u roq.T.aub.l .lL o rm.3 ac .u ada, in ri icatiye LhgL a ' 
bar code haa been detc cL ed. then the nyni-nn, n- ,..,.1.^ rr n rr rdi t o Dl uu k 11 
Aowill be dcaoribed h e reinaf tr.r ■ , h i n\rnrirn n ■ , rr n m irin n f ro m Ll ie L^i 
code preaencc deteeti o n atatc to the bar code aiinbol reading otote 
Pro^cding to Dloek 11, Llio ayatem eonLroller ceaLiauoo activation of Igjcr 
^""""""^"^ ""^ ^ ^ photoreoeiving c ircuit 10, and A/D eonv eu i o n 

oircuit 10, while coutfnencina aol -i M-itinn nf n.,m,^ni ■■.^.^j i pj mnd i ilr 2 0 AL LI lI^ 
otagc, freah bar code aoan f l .- . t-n i r. nm i n r ■■ d cco dL Ja L> i 

procoaaing. At eaaentiall. . . the aamr Mmn n^ m r, .y,. co nLmll^i 
a ccond . """" '-° """" ^""^ ^ '^^""^ period O.ltorcq.T ciub.3 .iL u i cu 1 
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AO indiGQtGd Qt Dloolc J, the oyatcra oontrollci Ghocka to dctGrminc whether 
Gontrol QotivQtion oignal A.jub.3 1 ij rcocivcd from the jymbol dcoodinq 
module 22 within T.oub.3 ■■ 1 aooond, indigativc that a bar codo a%inbol haa 
boon ijuGoooofully read [i.e. ooanned and decoded) within the allotted tli i i L 
period. If control aotivation aignal A.aub.3 ia not rcGeivod within the Lim e 
period T.aub.3 jcgond, then at Dlook K the ayjtem Gontrollcr ohcoka Lo 
determine whether control activating aignal A.jub.a ^1 ia roooived within 
time period 0. Itoreq. T. oub . 3 .ltoroq.3 aecondo. If a bar code aymbol ia not 
detooted within thio time poriod, then the ayjtem controller procccdo to 
Block L to deactivate laoer diode 50, acanning motor 53, photorcoeiving 
circuit 19, A/D oonvcroion circuit 10, bar code preocnce detection module 20 
and oymbol doooding module 22. Notably, thio event cauooa a atato tranoition 
from the bar code reading atatn i-n nh^nn^ rtn^..^^^„ Tt n tr Th crc afLei, uL 

Blook M the oyatem oontroller remaino in the object detection jtato awaitin g 
control activation aignal A.aub.l -Q, indicative that an object ia no longei 
in the object detection field. When thio condition euioto, the oyatem 
oontroller rcturno to the START block, ao ahown. 

If at Block K, however, the oyotem controller rcGGivca control activation 
oignal A.aub.S ^.i, indicative that a bar code once again ia v^ithin the jcaii 
field, then the ayotcm controller Qhcako to determine whether time peii o d 
T.aub.a hao olapocd. If it haa, then the oyotem controller prooeedo to Dl u uk 
L and then to the START blook by way of Dlook If however time ^ jei i u d 
O.ltorcq.T.oub.2 .ltorcq.5 aecondo hao not elapaed, then the ayatcm 
controller reaeto timer T.aub.3 to run once again for a time period 

O.ltorcq. T.oub.3 .Itoreci.l nnnnnH Tn nnnn„r,n , ^-v^j^ ^ ^ d ci' luL u L 

loaot another opportunity to read a bar code preaent within the aoan field 
when the oyotem oontroller io at control Block J. 

Upon receiving control activation oignal A. oub. 3 1 from oymbol decoding 
module 20, indioative that a bar oode n> ^ m^hn^ hnr. hnnn n,, -^.^f^,ii j.^^^ 
oyotem oontroller prooeedo to Dlook 0. JVt thio otagc of the oyotem eu uLi u l 
prooooo, the oyotem controller continunn tn -,nti„ni-n i.^n,- ^jn ci c !]0, ocanning 
motor 53, photorcceivina Girnnit in nnr) a nnn.,- .^j - irc u it 10, uhilu " 
doactivatinqr oymbol decodinn mnHnin o-) -.nri r,n.,n, .p^ j p ^ n r t i r nti o n o £ Ja L a 
format oonveroion module 23, data otorage unit 21 and data trant j mlu jl u ii 
circuit 25. Thcoe operationa enoure repeated joanning of the laacr b e am 
aorooo tho ooan field, while j.|rmbol eharaoter data io being appropriately 
formatted and tranomitted to hoat computer ayotem C by □ eomTcnti u iial da L g 
Gommunication proccaa well known in the art. 

After tranomiooion of oj-mbol character data to the hoot device io oomplcted, 
the oyotem oontroller entero Block V in FIC. 7C and contjnueo aGti^ . a L l u ii o f 
laacr diode 50. acannmn mnt-nr phnhn^nr^r^j ...j rj r c uit 10 and A/D 

oonveroion oirouit IQ, t i hilo donnti v . ■^^^^ nry n^n^hni -i.^^^in^ m o clulc 22, da t a 
format oonveroion module 23, data otorage unit 21 and data tranjmijji u n 
circuit 25. To dctcot the eontinuod prcaonce of an objcot within the obJ e e L 
detection field, the ovntPm nnn^rn^^ n,r nhn„irn m n r k Q wh et h e r e u u Li ul 
activation oignal A.aub.l 1 in rnnni,.nH f^nr. m ^^.p Ti nj rircu it ICA If 
A.oub.1^0, indicative that the object ia no longer in the object dele e li o u 
field, then the oyotem controllor rpfurnn i-n t-hn rTTmy h]? c- k. If control 
activation oignol A;oub.l 1 io roocivod, then at Oloek R tho ayatcm 
controller activatco bar codo proaennn tirtmrinn ninri.,i - Thcac cu-cntj 

ropreaent once again a tranaitinn frnn. fhn nhjnnh ,_)^^ 
code aymbol prooonco detection otate^ 
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?' ^^"^ '^""trollcL . i f a rta tliu u i T.oub.l to lun for g tim e 

tirno_periad 0 1 -n r nr i T..UL D .1 t n r r,- i.: .i ::: :::! Th:n t i ra:L:u : dna whcthJ g 
bar^odcjambol haj be e n detected >^ J thin the j c un field, ayjlcm oontrollci 

rcoGivcd. If thio jignal io not rcoeived >^l(:h the time uui i u d 
O^ltoreq.T.oub.5 .ltoi-c r i.3 aecondj, indioatiyL Lint no bar uu dc o-mhol jj 

L' -^-.^-^'^^'^ C'.r'^'^" ^ - ^r' ^^ ^^ " ' ^'^ J u ann i ng mot u i 53, photoi Lcc l , In g 

aO^Thercaftor, the jj j tom oontroll L r romaino gL Dloolc V until the objc c L 

field gud (i 0. raag.ro eontrei a c U -^^^ 
block! aj °"h lL ^^""^ ^'^■^^^'^^^'^^ retui aj to the CTART 

^f!..-""? """""'. "^"""'^ oontrol acLl^ntion oi ci iigl ft.oub.a 1 io reoeivcd. 
■i n d icative Lhut -. bar cu d. ..m hn l h n a l ::; ! d:t n ;; n c; in Lii. .o^n field " u u . 
oyotcm controller pr ou cedo throu g h mnnim m , v PT- 7n t o r ^ JZu .ir 
the o^Tnbol de ooding modulo and jtarL timer T.jub. C to run for g time pari o d 
O toreq.T .uL f torc^ .l ..n n n d Th cj c l^lnt n r.pre.:uU ^ " " r noUi o n 
n?--!!" d .LLu L in n otatc Co "ho bar .u du gim hn l readluj ' fee^e!!L 

" " " Liulln r ohc clLj Lu rin tcrmiau .h uh h n r nn nU u l g . Li.a L i c.. 

re ce ived from gi y n.l deoodiu ^ module SS Uh L-^ 

nn n oooofull, r nn d uithiu Lhlu 1 .coond Lime r n H.od, Lh. g. g tem contr u ll .. 
roturno to D] n c.k T to l u i i u -. firjt l uu ^ . , u T thin nhi U i f hr dr.n,. u i g ULi ml Ll c d 
to^dctect or rodeteot a bar oode^,^ u d .o l uithin the, time peri o d P^""^^'-'--^ 
?:--°!°5:'^:^"^''' .-l^".^-'^^-^ oooondj. ir ^ bar eode j.m h m io de .u d u d HiLhlu 

dn coded ba r o n dc a:,Tnbol jg di f ferenl Ir u m the prr:i u u:iy d c ood : d bgr 

the g^ gl-n m oontr u ll c r r nfnr nD Lu Dl uo k 0 gg 
rlluotrated, to format and tranjmi l oi-mbol ehgiac-tcr data aa dcocribcd 

^5i-!!°"°y^'^^ deoodcd bar code o^ i U gn l io not different than Lho creviou..1 . 

d otorming >.hc ^ h.r timci T.gu h l hag Igpge d Tf It l^g nj p j _7!, _ 
n n ntrmcr r.Lurn . t o DI .U l T Ln f nr m a J J.u ud 1 nn ^ uilhiuTni.; the d u 'l " 
n permitted in d.tc ct g r r . det nn t g Lgr .u d u n.^toi inTh: aean field g.d 

- U nrr rr' m L ^^' ' ^^''^ " '^ ^ ^ ^' ^ : ' i " ^ u l with i n th' g . t rLu ^^^^^e^ 

.-^toreg.S oooondj. If, however, Llinor T.^jub.l Igpoeo. then 

^1 ^"'^!'^'" ^ -' ^ ^ ^ ^""^^ nm nninc, m u L u i ^1, phoL u : ::e i;inroir L. uiL l ILv^ 

dnn ding modul. Th.i . gfLui. t h riyg 1:7:^1^ r n 11 , : r i e mgLu at Block CC 

! ! ?':-.\.!°?^!:'"\ '':*^^""'^^ ^ " ^-^ ^ J^^^ '^•^"'^•l ^ . -rc ti.ud from in oengiu ci 
!^u"-^- ^"^^°^ti>>e that the obj e ct detecti u n field ia fH ^el^^i;^ 

objcoto. At thio otage, the oyotcm eontroller l e turno to th e CTART blo e k, -^ 



The operation of automg L ic hand jupportablc bar code readin g device 2 ha g 
hon n deoerib c d in oonu ee Li o u n i.th The tigiu r y , n : m C u uLi o l nn nf ri nc nhi e h u geg 
: " "!:f°^ acLi.gf i on . i g nglg A.nnb.l, A.ggL.I? md A.gub.3. Th in oyotcm eu uLi u l 
r!"''^"° opcia teo on t^^ g bgoio aojumpli o no oonoarnin y TP ocnain q c ii e uiL 1 6 A 
^ndbar^GOde oj-mbol pi e gence detection module 20. Cpecif ieglly. The Main 
2^21^'^^ ':^ ^ noutine gg gumoo that th e IR ocnoing c i r n nit produ ceg eu u Lio l - 
r .otivation jignal A.aub.l ^1 uhcnevci gn objeot ia dotonted anyuheie HiLhin 
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!u-.°^u"!^''° dGtcotxon range u f Ll i o object auLcotion field. It aloo ajjuiu c^ 
that the bar oode oanibol prcocnce dclLotion modulo produeca oontrol 
activation oignal A.ouh ? -1 ^ai Li i L uor a bai cu dc oymbol io detected aa^^^h cic 
within the opcrativG cioanning lango of the jcan field. Thcoe aaamup L i u iu 
OQuao atatc tranaitionj during Uil oporatiou u l the automatlo bar oode jy n d jo l 
reading dovioe, when othorwijc Lhoy may not Lo doaircd in particulai" 
applioationo. 

''"c!!!^^^' ^" ^ ^ '"^ cipplioationa it may not be dcairablc to automati u all i ^ 
a^vafteeSC, the laser scan and o biect detection fields extend up wardly 
transverse to the pointing direction of the user's hand on which the h^r code 
symbol reading device to ita bar oode prejcu c c dotcotion ^I^E^ntil an 

^° ^^"^""^ ^^^"g° porti o n of the obje ct 

dotootion field, gjis mounted. This scanning arrangement is advantageo us in 

various applications where h p roinbcfore d uj oribed. Alao, it may n ii-te^ 

dooirablo to automatically advance to the bar uo do ai-mbol l e ading atate until 
a detooted bar oode a:,mbol ia lo L utcd within tho ahort rango portion u f th e 
aoan field. Alao, it may not be dcairable to automatioally advance to the 
oa-mbol oharacter data otoragc/tranomiaaion atate until a decoded bai uu d c 
oiTubol la looatcd within the oh u rt range portion of tho ocan field. Thuo, in 
oomo inotanooa, it may bo dcairable to oondition tranoitiona from (1) the 
objGOt detection atate to the bar nnrin. nyrnhni Hn^-nr^^-i^n nt n t cj (ii) the bai 
code ajinbol detection atate to the bar code aj-mbol reading atate, and (iii) 
tho bar oode aymbol reading atate to tho oymbol oharaoter data 
otoragc/tranamiaoion atate. Yet, in other injtanoeo, it moy only be d Lj iiabl c 
to condition only one or tv«o of thoae otote tranaitiona. 

FICS. 8 a 9D illuatrate Tho Aunilliary Cyatun Control Routine with nan gc 
Seleotion which providoa the aul- n m-ifin h-..- nnHn ^n.^,-.j i-vj r, gf the pr cj i -i a 
invention with range aoloction capabilitica for object doteetion, bar oode 
prcacnoo detection, and bar oode o:,Tnbol reading. Theao range acl oct i o n 
funotiona are provided when the jjotem oontrollcr runa thn Auiiilliaiy C^jt ui i 
Control noutinc in cooperation with the Main Cyatcm Control Routine deacribed 
above. It la undcratood, however, that thia Aunilliary Cyotem Conti u l Routine 
may be adapted for uoe with other auitablo ayatem control programj. 

Beginning at the START bloak - . nri prnnnnH^nr, i-n ni ^ ^ [^ , r^. ^ „f 
ayatem oontrollcr initially aclceta the long rau y e object detection mode h, 
icttinq tho IR acnaina ai rmiii- npr.r-,i-n -l^ f..^ ^ acnjitiTity (i c 
E.oub.IRTrQ) . To determine whether tho ahort range mode of objcot dotootion, 
bar code aj-mbol preacnce detection and bar code a^-mbol reading haa L c ci> 
aoleeted, the ayatem oontrollcL' nrnnnnHn tn mn.i, n, -ni r h rr kj irh c th e i i t 
hao reeeived oontrol aeti>.Tation aignal A.aub.l 1. Aa deacribed hereinbef o i c 
in oonncotion with nc. 1, activation aignal A.jub.l ^1 can bo generated in 
otlcaat two poaaible waya. Tor cjtample, the ahort range mode may be manuall y 
oolcctcd by deprcaaing awitch 27 on the handle portion of the houaing. 
Altornativoly, the ahort range m n rin m^y hr nninni-nri ^jmrly l i fting the bur 
oodo reading device out from the aoanner aupport otand, aa illuatratcd in 
FIGS, a, lie, IIP, and 16U. In either caac, prior to opcia t ing the bar cu J c 
reading device, it ia preferred that either tho manual oi automatic lanuc 
mode acleotion moohaniom bo Droor-imni- i hl y ,M^hi. m-^ lyit r m co ntr o llci by 

way of bar oodo menu programming, a technique well known in tlic ai t 

purpoaea of illuatration only, the Auicilliar> Eyatcm Contr n i Houtine of riGC 
S^. ' u^^ ^° deacribed uaing tho automatic range mode .ie1 option mcchaiiiji u' 
provided by magnetic acnoing oirouit 20. 
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If oontrol aotivation jjgnal A.jub 0 jj rc L ^irTcd at Dl u ok D', then Lli c 

^r.?'","""'^"':^ ^^" ^"^"^'-^ - ^ ^ " ^^ ^-^'-^ ^ ^ ^ ^j ^^ t d.L uLL l u n hy ,ic P c n^l L l.la g L h c 
IR ocno ing cirouit. Thxn io aohiavcd by pro.ridii.y uiodc 3^111 i u ^i^ ^^^ 

fw^"^.^-^:^''^:^" ^ :} hcvoinbGfora cl ul r^ribcd. Thuii t i r n c-ecding L u Pl uc k PS 
thojyotam i:on>;rnllc. cntuu L hn rx^HT bl u uk n f M.in C.jLuu Control ri u uLlu c 
°:.f^°LL^°7" - ThcLxaftor, the GanLrol flo» pi. oc oodo aa prcj u ribod by the 

^?"'"^ M°tablj ,i ;T^U r nr:.rc,- Uic uu i.tr n l Hon lu [ ^heSJft 

Syotcm Control Routine rcturna to Lho CTART block of riC. lh> the jyjL u u 
of"riC r " " " '•^" "^ ^ ^'- uin n to"u.:"cmS !teL^ 



AO illa^^trat n d a t DI uU l C of riC. OA, whencrci Lliu c - n ntrol fl u , lo gt Pl ucks 
uL ConLi u l Routine, L ho oyotcm c u ntrollcr a uL l^a Lu j 

'^^ "^^^^^^ ■- " ■^ ^ 0 ^^ ^ ^ an r . nqe d uLeuL l u n 

^'^ [- ^" ftcr, HhilP ,t an^ u ue u f fh r o , : Lu iaZ u l b 1 n .ka. Lhe ba^ ^^ 
ooan range dntcotion lu u duln r.n.r. ^n H n n nu b E ju 1 

oount gad njn data aj h u r ni n h r.f u .e d eurrihrr l A j iudl u a Lu d 
?! ,^ ' J" '^^^-^ '- x u uaj nn ndlLl u u ij p n ccd u u uu i . tr n ] m . n .kj C, K aud 1 

---!^!.''^^"/^' :^ ' ^'" ^ ^ '^^^ ^ ^ " ^ ' -^ ^^"^ Lhat . t.anjUi u u fr n m ' u^IZ^ 
proconoe dcteot in n o tatL L u L ho bnr cuJ ^^^^ ^ i^ n ^ „adlu^ ^[^ h n o cui ^ :m1: 
( the obje u L i n ict..L.d iu thn ah L x : .u; j : p n rt i nn Jf [[i: u bjcot dcl ul Ll u a 
field, and ( 1 ) the bax eu dn n. - mbol i] det nn tcd lu uiu " i h n rt ran . u uu .t ^^Z;^ 

'L.""^,?"" "' ^ ^^ '^^ ^- ' ^•^ ^^'^ Main C. jhn n. ConLi u ln ] i H no ad the 

oontrollcr a lj n d n tcrnuu .. .hnfh./th: dl y UnI nZt du U. u f ? h S lL^l L -. 
oodo rcoidoo within tho ohort raii L ,c count inL e-^.^ aLLeeLed bai. 

IfthcproduGcd digital count daLa D nnh m i „ H-,.... ^h ,, , , i , ^ d ctceLe d L ^. 
oodo □.■mbol 10 looated within - ■ r..: : o f UiL La rf?rll M ^ 

n nti^^ation o£ thr .:u . i di u du R n . gcanalu y . . . n t n r 53, | . h u L u r rnn i . .ju u . i. c .i . 
1 ^-"^,^'°.^'^'^" :^ '^°^^° " ^ ^" ^ ^^^ ''l^^i^ ^u u,m n ncing : . u::i - ;on ol^' u d ^u ^ 

'^ -^ -^"^^ ^-i tcd aL Pl ue k M h ir a : : : : conLx u i ri L^ 

nyotom oontron n r rc c ciy e. LhJ r ri n n ntrjl : ;:LL n t i n n .i . aai A "ub?Sa 17 LI .,.. 
the oyotam con L r n i cr dcumla en uh nMi,. : [hj dljit m ,., :ua[ da[ a D oub ll r r ^i , . 
tho_daoodcd bar .ode a, u d .u l r n aidca ul L hla thn ohorC i^a g u n ount iu Lei :^^ ^ 

^^-"duoGd fl u lu ooan ran L, e dotcotion lu u dulo 21). If 

r:",^t?^'^V ^ ft.3ub.3b 1) then gj indl en t nrl Dl u eri., the a a e m 
pr on nnd c, to Pl u ekn 0 or Z, l ej ponti.cl, L7[l 0 Main C „ j L Z m 

rn nt.nl Routine Tf rlij lLal eu unt in t n py^ubJ Z j i n n 'l L ' .iLhiu L ^T^L 

p o rtion of the n nn n field [i. e A cub.Jb 0), th n n ii.dl e q Ln d at M 

;y;r;:t^^r; u uLi:;e: '-^- " ' ' ' ^' ' ^ ''- ^' ^ i^: 

If, however, digital eoiint dat.i n n..h m | r ^ p" ia nc OA 

' J^L ^^Le d b n r code "r u d uu l in not l u: :[ : j ri rl , u: " ui L 
rn ng n por^ cn o f r hn n ^n n fieirTT; A n„r, 0^, i^dl e a Le d 

Block K of FIG. OA, the ovotem r n nfrnlinr , p inr l r n P. L ui U. 

rcopootivcly, in the Main Cyjtcm Control Routine. ' ' 

^tL e u Lin n to Pl ue k P- of nc. 0, L hn .yot e. u eu a L roUcr ma, n uL 
r onM. .c_.an Liu l unti .qtian .i . agl A n n h 1 1 f lu m^ n ncn 1 0 cti^a^ :;:^^ 



^ r-^Z!,?".^"'^ ^""^"^ Ii-ulc.d, ohort uud long range lu oJe 

n opabilitieo can be aul u iuatioally jclontcd by rea di ng har code jy ii ib u lj, 
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oan be Qchicvcd by programing ji,qnbol dcQoding module 22 to rcco a nl. c 
prcdcDignQtod bar oodc ^jTnbol^j >.hi u , nutomatl o ally activate and dcaativa Lc 
longrangc and ohort range modcj o f n bjcot J LL cGtion, bar code prGocnc L 

"^"^"^ ic orii ng. Thiu muohaniam for automatic ran uc 
reading bar code mcnuo, CCD j c anncr cmulaf i on and Lhe lilm. 

-° °' ^" °' oontr u l aotivation jj g nal A.aub 4 

by lotting TP ocn oang urrnnit ICA u per u fn -.t full I^m i t i^it y U ^ 7 cy^urVnT 

"^ ' "^^"^ ^^"^^ ^ 1 ^ ^ "^ ^" " ' ^ rice 7 t n 7 A . luJl . a Lu d 
cnLcring Block 0 o f the Main C,jtom Control Routine, Lh . 
y. cm oonti u l n r rin tcmlu.. .hnth r. - Lln/.u .U I n fnhy read L^r.^dc a^^ u l L 

"^P^"^ ^ dctaotx u u, h.r oodc t . i :u]n n,.c dct LcL l u u nnd/or LaZ [ede-ev^ 
c^o ndrtl u u i. i d ctci . uiuLj by the o^ jLu u cn ntrolIor Zh ZefeL; 
whether oontr ni .otx^uLl u u n ignal A.juL.q ^1 ij r::^;^ from LuJ" 

loreooived by the ayjiom eontroll c r t-hnn . - , • nV D lo clc O', Lh^ 

pro cLu d. . to Block 0 u f the Claiu cJTl -n n i Conti 'u 'r Ro^Jnl TT. 
h n no^er, oonU o n nt ..gti u n . ign n l . 3ub . 0 1 I n r n;r i 'nl d l U c u ao iaii : ^ ^' ^ ^ 

"-.""'.^r' ^'^^^V^^" > cu uLr n ncr aclLaU n fh: .U u rL rangn moda u l u b i c . L 
aOdetootion by dcacnortieing in ■:ic..ninr. n." - mb IRT o7 T hi^ 

^^"^ ^^ " ^^'^^ notira L l u u .. i gml Ai.uLTl io produc e d u ul/ 
' J -°--.^",°^^.^ ^ r;^^^ ^ ^" ^ ^ ^ the ^U u rh r n njr/p u ru ^ u of thr u b ieCL 

^"^-^cjatcd at Dluc-k Q' of nc. 9A, whcncre.; the avat e m 

Syotem Controller acti^rgteo bar c uJ n nrnnn..- 

code ocan range dotcGtion module 21. - 

Aoindieatcd :>t Block R- i n nc. OB, un additioual nn n ri ition ij u lg ^^ g p u 
n o ntrol Block. r and T la h hn M.ln C,J[:;; rn nt r ol R u uLiu e r rrgf l . glV , , 

r: ] !^"^.^'"*^" ^ "^^ -^^ t - hn dctc c L"d n ncin. aU u l .oaidL L> 

°' ^"^ f^^^^- Tl.ir nn nditl u n L . n tioficd b. L^ ^ ^ 

ocan range dotcotion module dcit.. , mi nn n ^ ..m-M-n^ n-^ ,1^^ d igital ~ ount daL„ 

1 "^°!"?^: r^V^ ' ^"^"^ - ^^ ^^ ■ ' "'^ data d u cj not fallTiLh.in fhc ah u r L 

control Bl onir n V , L u r U, r nn rootfull, , in thr n^^ ^C jlu n Co' u ^ l ^ 

- i* - h u ^^ru n r, the di y i l. l. count da L u 1. 

^''''^.f'^.y'?'^'' ^ '•^"^ ' ^ int -n r^,al, Lheu en nfrol a c Li^uLl u n 

signal A.aub.2n ^1 13 pr u .ide d to the .,.Lur nn ntr^llj: g] illu.tra Le d li f^ 
r mata nce, both ecntr u l a cti.>ation oi y n nln A.auL.OA 1 and 

A^ub^2B 1 ore provided to the ayaL u n oontroll e i ,, n nn to cff LeL ua L e a 

°^ ^0'"-i-ollor conLinu i ng the acLi.aLi u u o f 

'^ " '^ Ph ulu i ece J. i ng clx e uiL 10, A/D ca .u ei .l o u 
oircuit 10 and bar code acan r.i.mn rinfnnhi - , n . p^j uh ilr dc- i L Li u a Li.u 

b ar coda a:,Tnbol detection module 21 and nntiunt: , /-v,., — 22 . 

Y in the Main Cyatcm C o ntrol Routine 2nd the a>atem contr o ller recciy ej 
■T-!"^ aotivatio n aignal A.oub.JA 1, th e n rho a^ jte m en ntr nl lcr d LLer mi.H ... 
u h Pt hcr the dx gi rm count du L a o f the decod e d h n r c u d: i7 
n h n rt ran y e co unt intcrygl. Tf the bar eu dn n P;, .. ignj: dctcetion m o dul e 
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dctorminca that dcGodcd bar code j^mbol rcaidcj »ithin the piGapooificd 
"-"f!.! ""^^ portion of L hc acQn Illld, then it pro^ridca thiid uu u Liu l 

A.aub.DD ^1 to the j.otcm conLi u llor, oauoing the bar oodc 
readin g dcvioo to undci- c ,o a tranoilion to the jy a ibol oharoGtci doLa 
-5°"-?-! °^?"' °^°"^^ ^'^^^"^ ^" ti-^-^-^ iudioatcd at Dl u Glc U^ bcf o i c 

!-i'f-"^.°^ '^ ^ '': ^" ^^'"^ "'' ^ C^"Lr n l RouLiu L, L ho □^onbol J ecu dlu u 

m od ulo dctcr u un^g nhcthci Lh n dcood.J Lq. n n de a^ u iL u l n ohort ."^u y :^ 

i n d ioatcd at Diook the ^ynt n m .c.U. u ll c r .otivaL L^ Lh. 1 n n r , ra.. . . m u d, 

^ e noing oirciixL 1 ff?^ opcLaL: full acnLi L j.rjty ji.L C.! ^b!iS 
° dcaotivating bar code j u an range dctoGtion modulo 21. Thcrcar Lci. 
tho oyatcm p. u n nPd a to DI uU lo 0 or z] iLjp.ntinci;; ju Hajn C j L c m " 
Control noutino. If, h o H L Vor, the d cc odod bar code, oionbol io not a ahort 
range mode dcaotivation q.^mbm ■ rhnn nn ,'n .r^.. „ ^ nrl r ri', L h u jujLu k 



"i..^"""^^: m ind i L al L d -.f nioLk T' LhP dcaod u d Lai nnri n .. yH tL u l d ucj u uL 

• -^"- - ^ ^ ^ ^he j^jl cu t nn ntrorp." u:::, /thc .uuL u l d ^^^^ 

module determ. n o. nh.th . i Lh . rinn ndc d .u du jinl bn l ia g .U u iL raC 
doaotiTOtion o iTnbol. If Lho deoodcd bgr oodc a^^ u iL u l io auah a oV i ^bZThen gu 

ndieated at DJ nnl r Y^. LU l g. gLnm nn ntr o li : : ^ uM-.n tca the l u u ; ^^ran.; . 0 ^ 
lotting in ocnaing ciicuit 16A opciatG at full oenaitivit>7 -whXj:e 
doaotiTOting bar oodc joan range d c tootion m o dule. Thci-cafLor, the ayj lu u 
proooeda to Dl n n l rn K or T, ^ugr n nt i ucl,; In [h. M . in C. g L.m C ^ ^^ 
^■^■:.u-?"^! °^' daeodcd ■i^.n.bol ia n o L n ohort rau y c mode dcacLlii li^e; 

^^^T^"^:,^^^" indicot cJ at DloGk Y', the ayat u u c ontroller g L.L ivatca the 
longrange mode by leLLli . g the in j uuL lng eireuit r o opeiaLL gL lull 

.onoiti..ity, nh i lc d . g L Li. n ting bai cu dc nrrcn ran y u dot n ntion m u dulc 21. 
Thoroaftcr, the oyat u u prooeeda L u Plooica K 01 roapeoti ^^oly, in the Clgln 
Py n t em Control n n n t inc. If, h n n n .„/ thJ d :.:,dn d bar .u dc g^m^ol L u u L g " 
' '^"'/.^"^^ deaetx .g L i o n ni - mboi, Lh c, the ayat m . dlr n .tlv piu.c.d g Lo 

Blooka K or T, reopc c Liuoly in the Main Cyatcm Control ri u u[j ^ 

Having doooribod the o peration of the illuatraLJ ombodinieuL o f Lh c 

"^ ^'^^ "^■ '^ d u g ciih n at Lhig junGture thc" i n n n GondiLl u u^ -SlS 
:] "-°.--^'f/ ^^""'^^^"-^ " "^"^^ ' ^^^^" ^ ^^ -^ ^porali u u: in thiriL u gidr ^^ 

' u ZZu^r : ::;^^^ ' ■ .i.. . . : j:id : .. .^^ - n jiLi u u^^ r^ irrf . . l.. 

^" '^^^ automatic hand aupp u iLg hI n h n r oodL icgdlii q 

dovxaeof the preaent iurontion haa Tnnr hnn,-. 'r"rni o n nl^l! 

object dcteotion, bar co de o^Tubol picjonoo detccLlc^; bar codZ s yHds^"""' ' 
reading, and oimbol eharaoter datg 1 mn nn.n . n f ■ ri i n u c u f c aU i 

d ooGribed ab u .o in great d e tail. Theae four atat c 
n re oehemati c g ny lUuaLigLc d 1. A, D, C and raapL" L U;cly in the jLg[ c 
tranaition diagram of riC. 0 Motabl], Lu n "outLuai u ug] nt -. t -r3 't l.g,c glg u 
been provided ao that the automatic bar oodc i- c gding deviae of th e 
illuatrative embodimciiL ia eapablc o f reading ga infinite nui . d jc i o f 
eonaeoutively different bar oodc a....b u 1n nn . ^ , ^-r -i - tc d oLU^L 

" appgi c ntly oontinouo ourfacc) without returni -ft^Ife;::;^^ 
n h3r;.t_dctecLi u n ntnc. T heae OHfnnoional aLg L oa of opeigLl o a nre iadi : : ^.! 
aoE and r and repreacaL bar code pioaGnoc det ec tion and bar oode aymb o l 

^'^•^P ^^ tively. Aa d e nGribed ab u .e, theae opeTr L^;;;;;:;^ 
employed »hc..the user desire s to read a bar code svni^ol 55 on a det.rfZT^ 
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obiect 56 that is not located along the natural pointing directi on of the 

user s hand or laterally dispos ed thereto, as in FIG. 5B. With this 

alternative mounting arrangement, the user reads a bar code -. tt-nmni- i nr. f 
automat ioally read one or more u u iijcoutivGly different bar oodco ayiiib o ll ^ 
thatio, after a firat bar code j> « tbol haa bccu ouoecDjf ally read utili^iu g 
operational atntao A th. u u y i. C. symbol by Presenting th^ bar code symbol 
the obiect to the obiect bearing the bar code symbol ' 

^f..!-!"".^? r *^" ""^^""^ b cL ^^ Lc n the T.ari u uo otateo arc indiootcd 

direotional arrouj. Dcji J oo each oct of dircetioiial arroug III tranpition 
oonditi ona CHproaacd in Lorma of conti o l aotivaLl o i. ni r ,n r>l 3 A.jub 1, 

A.aub 2 and A.oub.J), aud .h cio SD, the laser scan an^ohiect detection f H. 

transverse to toward the point ing direction t-H. J.l^^f ^ 

"""^^ ^^^'^^"^ ^^^^^^ moun ted. This scanning 

arrangement is advantageous in various n pprepriatc, at ate time ^ft^ef.^ 

^ ^' T.aub.l, T nn h ti auj T.uu h ( T) C a ny u.l.uLl . ■ 

°^ ^ - "rrosac"m u. L n i mply [ul Lurbaaig auJ l ;! !^^ 

opt^rationa ou ourring during the eont iu l flow within the ovjt c m 

n i qnalo A aub.l, A.oub.S uud A oub.3 in nr Q indi : aU nh oh c'cuL j > ^ 



Gvonto v^ithin 
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the obiGot dctCGtion anri/m- n^nn f4ni-i. npn-ntc t o c ffmL j 

tranoition within the allotted time frame (j), where t ^ roaGribcd. 

Referring now to riGC. 10 through l O P, the j e ani i or aupport jtand of th e 
preocnt in¥cntion will be deooribcd. 

Aoilluatratod in ncC. 10 to lOD, j e nnnor otand 3 n f the illg jLi a L l. c 
embodiment compriaej jupport frame 12 releajuMy oonnceL e d to a baa e ■ 
•"PP°5^i!"°r' ^' "g P^^'" ' ^ ^V ^ -^" n p fit f gjLe uing mcehaulou. 

ill uotratcd xu FTC. 13C. lu h hn illujLiaLi r r, cmbodimeuL - applic^^^^ where 
the user desires to read a bar code symbol on a de;e;t .S^biect 56 th^t ^ . 
not located along the pointing direction n f the user's h.nd or laterall J ^^ 
disposed thereto as in FIG. 5B. With thi. s alternative mounting arrana^ .n^ . 
!l' " jy^" presentin g the bar cod. ..ylol on^thf 

object to light transmission windo w of the bar code symbo l reading de^ Fi^. 

any one of the base units of the prese nt invention. However, in th. nr.fo.." 
embodiment show n in FIG. 5B, bar code symbol reading devin. ^ " — 

f Li ""^^j; be described in greater detail he r einafter. PC MCi-r.rH k .o. 

T \. °' receiving da\a packet, transmitted from device 40 ..nn f 

the successful reading of each bar codk symbol. The method of data ^ ^ ^^^^^T^ 

unit 360 will be d escribed in detail hereinafteTT ^ 

N^!^;. ''^ anothe r embodi ment of the bar code symbol reading ■.y .t.rn 
of tne present invention is shown. In gene ral, bar code'.ymbol readina^ ;^ .^, 
L " ^^'^ connected to a bar code symbol printing 

engine 62, and a portable automatic bar code symbol reading device 6 3 l!^ 
shown, system 60 is interfaced with a hos t computer sy s tem (e.g.. desk T l^n 
computer) 64 by way of a seri al data commun ications cable 6S L .1 
power signal is provi ded to t h e base unit bv way of power ..hi. f' ''?! " 

!° a primary transformer 67. by wa^ of PC boa rd 68 and wires fig a. 
1^ described embodiments of the invention, th. function of r^ TTl^ , 

inductive coil 67 is to ind u ctively trans fer electrical power to a ^ ^ 

rechargeable battery 70 contained with in the compac t housing 71 of the bar 
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code reading device when the bas e portion thereof is placed within mat ched 
recess 72 formed in the top port i on of housing 73. Bar code symbol "57 il^a 
engine 62 is provided so that the u ser can easily print ba r code symbo ls on 

adhesiv e labels or the like, as desired, using a conventional bar c'i^di 

application program executed by th e processor in the host computer syst em and 

a suitable print driver program e xecuted by the processor within thiblii 

unit. The internal struct ure and functionalities of base unit 6 1 will be 
described in greater detail hereinafter. ' " — 

□upport frame 12 ia formed aj an injection molded oholl, in which handle 
portion oupport atruoturo 12C in rnniir.nH . f^rnf n i rr o i--t rcccjj 71j 
uhcroao hoad portion oupport atruoture 120 io rcaliacd by a acGond oupport 
rcoooo 72. A s shown in FIG. 10, firot 6B, the compact housing 71 of bar code 
symbol reading device has a wedg e -like geometry when ob served from i ts si Hp 
view and an °val-like geometry when observed alona its plan view. As shown in 
FIGS. 6A to 6D, a large eccentr i cally located atma.»^ rnnnnn n i „ ni,.^ ..,^ 
above baoc portion 12A and inolinod at a firot aoutc anglo Dl uith i l j ulu L 
thereto, while oeoond aupoort rnnnnr, t> „ rt^nj....^ p o r t i u ii 12D 

and inclined at a DQoond nmM-n mnfin n r.„in p rnp cc t th eii-L u. 

Aa beat ahown in nc. 10, firat oupport rooeoa 71 ig formed by a firot 
aubotantially planar aupport jurfaoe 73 aurroundcd by the projccti u u o f 
oppooing aide walla 7iA and 7 ID and rear wall 7 4C, entcnding above plauai 
oupport ourfaoc 73 in a pcrpendioular faahion. The funotion of jupport rcecaj 
71 10 to receive and support the handle portion of hand oupportablc bar code 
reading dcvioe. Gimilarly, jceond aupport rcocao 72 io formed by a accond 
aubatantiallv planar auDDort nnrfnnn tr n„^^n.,..i^^ Y - y t h r pr o j cL Llun uf 
oppooing oido walla 7CA and 7CD and front t^all aurface 7fiC ontcndiu u ab u v c 
planar aupport aurfacc 75 in a pcrpendioular faahion. The funotion o£ ju uuu il 
reooaa 72 lo to rcocive and aupport the head portion of hand oupp o rtablc bar 
oodc reading device 2. In order that the handle portion n f hand aupp u i t abl e 
bar code reading device 2 oan be rooeived within aupport rcecaa 71, rear wall 
74C hao a ooanner cablo aoertui-n n whi prr.^,^. '^^-niHr Tr.inn c r c ablt 5 Lu 
OHtcnd freely out beyond oupport roocaa 71 > Alao, front wall projcotion 7CC 
10 olightly lower than aide wall piojeotion 7CA and 7CD to onourc that u uljed 
IR energy lo freely tranamitted from and received by objcot detection oirouit 
16A contained within head portion OA. At the aamc timo, thio atru uL uial 
feature of the acannor nuppnri- nt-mri .nn.i^nn ^Y^-^f vi iihl r I gjc r li y jil jj 
projected, ooanned and oollectcd through light tranamia jIvq window 10 without 
obotruotion, i.e. when the automatic! bar oodo reading dovioe ia operated in 
ito automatio handa free modr, nhn,m ir rjrr ifti ^ ^^ ^^ ^^^^ ^^^^ 

In order to enaurc that the hand aupportablc bar code reading device u f L h e 
prcaent invention will be aeourely, yet releajgbly aupport od within Jupp u iL 
rcoeaaea 71 and 72 and not caaily knookod out of the acannor auppoiL jUaud 
during the hando free mode of operation, firat and oeoond magnotio clemeiiLj 
77 and 7 0 arc permanently mounted to the undoroidc of planar aupport aurfac ej 
73 and 75, roapcotively, aa illuatratcd in FIG. lOD. With thio arrangement, 
magnetic fluu of oonatant intenaity continuoualy cmanatca from ju uuu i t 
roocaaoo 71 and 72. Aa a reault, >^hen the handle and head portiono of the bai 
oodo reading device are plaocd >^ithin aupport receaaea 71 and 72, forroua 
olomont CI in handle portion OA ia magnetioallj attraoted to magnetic cl e m e u L 
77, while fcrrouo element 62 on hoad portion QD ia magnetically attracted to 
magnetic element 70. The magnetic force of attraction bctv . con thcoa cleiH ei i Lj 
10 oelected ao that a deaired degree of foroc io required to lift the 
automatic bar oodc reading device out of ooanner aupport atand, while 
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provcnting oooidGntol dioplancmont of the dGvicc fi u m the jGQnncr auppo£ L 
otand during uoc in the handa frco mode of operation . 

AO illuotratGd in nc. lOA, haoo oupport/mounting plato 70 io fom u d gj g 
thin planar otruoturo havinn pnrimn<-.-i r,.i r^i^r^y^^^^ nnh n ti i nt i illu i.|j ual m 
the pcrimotrioal dimonoiona of the b . - i nn pnrM'm nf n..pp.^^ f r- ^mc 12 r.t thz. 
front and rear end portinn.n inn -inr< inn nf i.-|,^n p i,^ ^^ ^ p-^^^^. 

projGctiono 7Q and D O outcnd pcipcndicularly, ao ohoHn. Projcotion j 70 and 00 
havo horiEontal flangoo 70A and 90A, rGapcctiT,rcly, »hioh arc adapted to anap 
fit into horinontal groovGo 01 and 02, formed on the interior jurfaoGo of ""'' 
front and rear v<allo 7 6C and lAr nn r.hn,.n ,-jr^<^ -^^^^^ ^^pp ^3^^ 

To faGilitatc mounting of baoc plate 70 on a planar mounting jurfaGC, aa 
■ ^"^ ^ ^ ^^^ °f ^P^'^'^d apart mouuLing holco 03A 

and 83D arc provided. To faeilitato attachment of baoc plate 70 to pivotal 
30int aaoombly 07 of pedootal baoo 00, ao iUuatratcd in FICC. lOA through 

18C, a Dot of four Qentrallv HinpnnnH nnnnnl-^^j f,^p_ pj^ 

arc provided. To facilitate aupport of baae plate 70 upon a hori. u u L al 
oupport ourfaoe, go illuatrated in ncC. IIA through IIP, a act of f u m 
rubber feet 95A, 05D, 95C and ODD mav hr. ndhnn,- „ni y .ff^--' t: the undcijiJ^ 
Gornero of the baoo plate 70. 

In order to eliminate the nnnfnni nn p T-nri.,r,n ri i-y y nrin in ccib l cj ujl J Lu 
Gonneot automatic bar code ocanning dcvicG 2 to ita cutcrnal power ju uu ly 
(not ahown) and aaoooiated hoat n n mpnt-n,- - l yni-nn, ^ , ^inpt r r rnudulc QC jj 
oonoealed within the interior volume 07 contained between the inLuii u i 
ourfaoe of baoo portion ISA of the oupport frame and the upper aurfa c L. o £ 
baoc plate 70. m the illuatrated embodiment, adapter modu i n SG io adh cj i^cl^ 
affined to the central portion of thr. uppn^ n.n^f.nn ^j^^^^ 
Illuatrated in FIG. lOA. Ccanncr jonncctor 31 of flcitiblo oc-c i nncr caLlu 5 jj 
plugged into ooanner jacic OGA of the adapter module, and the oommunicati o .i 
cable connector of flojcible oommunication cable 7 ia plugged into 
communication jack OOP. Cimilarly, the pov^er oupply comioctor from the DC 
power oupply cable 0 ia plugged into power aupply jack OCC, ao ahown. With 
thooe intcroonneotiono eatablijhed, auppoit frame 12 io onapped onto baac 
plate 70, ao hcreinboforG deaorihnd fln„,-hin nr...,--^ g ^3 routed 

through aperture OOA. and f1n.M-hl.-. nnmm . .^i rnif i r n uypU l jLIl j 7 

and 8 arc routed through aperture OOn fn.-mnH in ^hn ......^ p o rtion of r c ai 

wall 74C of the aupport frame, aa ohown in FIG. lOD. 

In tho illuotrative cndjodiment. automatin h.-.r nnHn ,r..-n.^ . rcquii ^ j 

one rogulatod DC oupply ...oltagc to power the >rioible laacr diode and u Lhci 
electronic and optoelectronic compnnnntn mnnnhnri - ■, ^irpu j t i - m nrdj G 3 jnU CO 



However, in many applicationo, a lav DC oupply voltage ia available al L h c 
^°c"''J^ ° ' ^^f atation. Thua, in order to convert the lav DC aupply volia u c L o 
a 5V DC aupply voltage, a DC to DC voltage eonvcitor io inoorporatcd int o 
adapter module 06. In thio way, in addition to providing inLorconneeti u iu 
bet w een the communication linea of the fleuibl c ooanner and communicaLi o n 
cablca, adapter module 96 alao providea a mcauo for converting the . u l L g gc 
level of the fleuiblc power aupply cable to one or more required volta g T I-fe^ 
bo utiligcd in the bar code reading dcviccr 

Tho automatic bar code reading device of the preocnt invention haa b e en 
dcocribed in great detail. Thua, it io appropilato at thia juncture t o 
illuatratc the automatic handn - nn -inH h-inHn f^nr mnr i r n n f np cra ti o n u f Ll m 
qyotom v < hile utiliaod in different mounting inotallationj . 
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-?-rf^°:..^^ ^ through lin. n point T nnlc aLallmi io r , ho>u-. uo iuprioing an 
--?°-! °"^° rcgiator G opciaLly oonnccL L a L o the Qutomatio bar cod Z 

reading oyotor n of th. p . x^ .nf in. .L uLl u u by n . y : £ H . ^lb i o oommuui . aLl u u 

-■'"Itqgc DC pGuar in pi or rjdod to Lhc jyotom by >.a, of flexibl e 

oupport otan J 7 i noluclc. lubh n r feet OSATLr n ngh ODD Ju7I u^poZtuJ ^ 
horizontal c o unt.rtap .u. r a o . 00 Tf n,::. L::; n r . U . a^tr:Z ^i,^L^ 

maao clGmonta to the upper jurfa cL . of the b ajc^^te^ 

With automaHo bar c u Jl i mr ling J u yl c L -> oupp o LL^g ..ith i n :M .. ni. u i ju uuu n 

H Mto r natio long r n ngc hau J. fr n n ^.p^c u r u t >.r. t i on. lU ^ ^ l r^T^na Lu L h " 
r_ooitxoning o f both ob J.c L d otnntT.i . .uJ . o. n f i . Id. Lhl ^-«>eH^ 
inotallation, only bai oodc n^'mb o lo looatcd u u omall, vcij low profil e 

rangohondo on mode of u pnr.tion, Lh u uoer aimpl^ n n ni rolc. t he handl e 

1 f tp the dcv. n n n nt of Lh. . en nn n r ;up ,u :L ^[ n n r l, ., .1^:1^ ,^^.^ 
Withtho autoinatiG bai oodo rcadin u ri nuinn i ^ ^ ir. ^..Z ■ , ■ y 

portion of tho object dotootion flel r i nh- , „ • r-xr- ..n^ nl irr c thu" uL !!■ 
in nutomatioal y i n tc cL . d and Lnr nnr , , : u.M; u r 9 ^ n ^n ^. aU^:!!,--; 
"i^iblclaocr beam rcp e aLu m y acann ^ d a n r n o^ the J c airf Id! Af Le x -fe^e-bj^ 
. o do_o,anbol h -.n b e en .u .ee^ .,fn 1 1y r.ad and nn nudlLle gnd/or viLLl e 
indication thereof pr o duood by jue ec ^nnf.n ■ i -nn.,-...., ip^. the bai 
. nnri. ng device i n r 1n n: , :ILa.7jri. i n the . . auueZ ^upp n ;; - ,L gad a. 

-f op cra^ i" " ^' "^ ^ '" ^ ^ '^ •^ "^^ ^^ ^ ^ 

InFIGC^iaA and 120, iho ooannci ju L mnri- nt-n . -.i , .u. ^ , „ in -.-ci itI,i. 1. 

h n nn being in.t nn _.d on g .eiLi nn l rl unu;";^!! nu r ^^^^^^^ 
n pti n having nn clc cLi u nie nnn h . cg l. Le i G n n .h o nn lu FT P P 12A ^n d 'Tt l 

- ' -^ ^'- -^ . l u n d /n p :, i . u f .p : : .n, n^ M, . u an^rn ;^;^!; 

" ° partially jorc^^ e d into vciLioal oount e r wall Juifa c c 33 " 

" '^ " ^^^ ^ n rl - ioali; aiiang nr l .ill g l l, b Mn u h uii,.uL, l 
nn nn ertop .ui fn nn 0 ^. Th . n, lu u nntin g h u i : 7o3/nn i 1 03D la l ^^!^^^ 
0 R nrc pa..ed thr n ngh Lg.e pl n tn and U. :^ Vhn bg-. ^llaLe lo ^lid d u ^ n 

'^''^ - ^"^ n on^pl eL el, L hr nnd cd In Lu [hn . r ti ' ql e ^ 

' n llaurface. ^ftor atla e hJng adapL u i m url n l n PC and n nu iblc o e ann Jic; 
nn m^unioation n n r i r an.i juppjy nnble u F; 7, m ri 0 in[J the r r n^ ^ : :!.. 

^" ^.^^^ rL- o ^ldc an in . talUd JuUm^tio bai eo d e^^ 

reading oyotcm, gg ghown in riG. 13. croc 

^ ^ -j '- ' ^ ^ p u alLi n n nr l n ilhin a ea nnor .tand 3 aa 
^i -^ Lom 13 automa l ioally indu e e d int o itJ l u .i u lan a e 
h i n d fr c m o dn n f opciaLi u n. Tn thi7 :u nfig, . r n ti: i nrb ; :: :nd n g^^nb u l 0^ 1 
nh .ot Dl canb. nnni l, i . gd L, thn no c i . igjplng th. ab i:: ran ; rbrin u rnrM 
i nto he f^^^^*- poiLi u u u f thn .bj .e L d i: . nrin n fl^d; gg ilLcr L^ a L 

- -r n Y^ ^ ^r n n. the u L j e e t in n , .,t o maLi e al] y i c t c e [:d Jnd b n r code aXl 
OP^nncd hi thn .ijiLU loocr beam lepeitn r ily j . anned aoroan thL j eJ,' 



I "- - :.^" ' " ..^ ^''^ ^ " ^^ -"^^^"^^ ^" '-''^ -^ '^ rt ,.-an y e hand, on mode u [ 

? C f?f."?' ""'•^ g^^^ -^ l ^- ^ ^^"^1^ p n rtion of the bar oodc leading J, u l,^ 

1 0 muatialed in nr, IGa, and 1 i f M U u uL u f rh g g.w.e. gg^ ^^^t^^ 
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Then the uoer bringo object 01 into the ah o i L range portion of the a L icoL 
detection field ao illustrated in nc. 15D, gj to Qutomationlly dcLL u L Lhc 
object and ooan bar codo ajitibol OS with the >^ioiblG laacr beam repeatedly 

Aftci the bar c u Ju oambol haj Locn aueoejjfuj ^ 
read and an audible and/or visible indieati u u thereof produced, the bai oo d C 
reading doviee la placed bade into the ^jcami c r support jtand, automaLi c ally 
inducing the oyatcm into ito long range hanJj free mode of opcrati u ii. 

In FICC. 16 through 17B, a point of oale atatlon io ohown oomprioing th e 
^-''-f^^^",^^^ ^^^dinq oyotem of Lho present iii.cntion opcrably connected 

to eleotronio oaoh rcguter G by uaj of fleuiblc conununiaati o a and power 
oupply^c ablco 7 and 0. In thio partieular mountiug inotallati u nr ooanner 
support otand 3 ia pivotally supported abo>^e a horinontal counter ourfacc j 
a pivotal joint assembly 07 oonneetcJ to pedestal base 00 mounL c J 
under the cloGtronio oaoh register. 

ball structure 00 joined to a mounting plate 100 by an L iitonoion 101. I jh^ 
pivotal joint assembly 07 also c o iuprioco g jciuispherical mneog 102 f u u i i L d in 
tho end of a ny l indrl L al uupp u i l "viewing aperture" 7S is formed throMo h 
entire housing of the device. As best i llustrated in FIG. 6D. the -fnTT^F TT^^Tof 
the viewing aperture is to permit the u s er to encircl e a bar code s ^;;;;?^;^^ ?^- 

within the viewing aperture while the bar code symbol is bei ng »^ 

j^viewe d along the line of sight 77 o f the user. As shnwn in FIG. 18A, a 

ball olamping clement 104. havin. . n nn^i n^v ■ , ,, _^ ^ ^ ^^ 

dij Lul o ni pertiou u l nnprort y u ^li n j by an a a w 'j l ^ 
oorew 107 passing through bore IOC and threaded into a hole l ^frl^j^SB, bar 
code symbol reading device 18 is d isposed at an angle of abou t 45 to 60 
degrees from the plan^ base of the housing. A PC board 78 suppo rMnn 
data packet transmission circuit of the dj^teej ^nd portion of the suppor t 
post. By rotating knob 100 atfn.-hnrl ^n . n j ^p.^ gllm ilj 

ocmispherioal roecssea 102 and 100 can be suf f iL-lcntly scparatera'par L be 
rocoi^d rot ni n ball jLiunf n r. Do" WUh this sir uZlu: : /! nrrangcm L^^ ^ 
structure present invention and the l i ke is disposed below the ena 7;p";nH"' 
above rechargeable battery unit 70. As s uch, the las er scanning nl li^T Tr 
projected from light transmission window 80 in housing 7 1 bis Rnt^ rh^ 
opening formed through the base of the h ousing, as sh own. This n^ri ilTr FhZ 
user to easil y alig n the visible laser beam across the bar code^vm^o l " 
encircled within and along the viewing window of th e bar code symbol r ^.Hin. 
device. Thus, to read a bar code symbol, all the user has to do^ enc^rcl^ 
the bar code symbol to be read through the viewing a perture of the dp vir^. 
align the projected visible laser bea m with encirc led bar code svmhm . .nH 
automatically the bar code symbol is d e tected, scann ed, and decod i d"h^-?T;7 
bar code symbol readi^i^nqine 18. an d the produced symbol char actPr L r. 
automatically transmitted to the receive r circuitry i n the base uni T- jih^ 

the transmitted symbol character dat a is receive d by the base uni t ^nH 

retransmitted to the h ost co m p uter system, an acoustical acknowl«,da pn,^nt 
signal S. sub. ACK is emitted to the amb ient environm ent for the user tn y. ... 
Thereafter, the user may leave the b ar code symbol reading devir p tn roct 

anywhere on the desk t op, or mav place it within recess 72 in nrri^r t^ 

automatically recharge the battery un i t within the bar code symbol rP^ di nn 
ue Vice . ' —a 



When using any of the bar code symbol reading devices of the n rP^Pnt 
invention in commercial environmen t s, such as retail stor es. thP »<r »ioec 
n """"^^ reader/base unit interfac e permits the op pr .tnr 
thereof to ac cidently or deliberately walk off with the bar code symbol 
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reading device. This could have serious financial consequences wh ich could 
prevent conunercially successful utilizatin n of the ..srZ !n.K^ pJ?l' 7r, 
''^ ^^^"^trative embodiment., . his problem i.s ^. T^S^gf ^ 
providinq^ach bar code symbol reader with an elect ricallv-Dass i^ JTTT;;;!^ 

"^^^^--^ °" ^" ultra-t-Mn -^I^fc!T!^ .,K^, 
501 affixed to either the exterior or in terior of th. hand suDoort! h1 P "^^ 
housing. The tuned resonant circuit 5QQ identical to 1^ 
products such as library books, compact di.... and other valn^ gff^ Ho sold 

" store the tuned resonant circ uit 500 ab.nrh. energy from th ^ ^ 
!!!"!lll '^'^P^^^T^ magnetic field o.n. .ation panels SO^ ^b^TTPTT ^ 
installed of an electronic article s u rveillance sy ^t^ir. c^nA ^r..^^^^^. ^h^ 
store exit When a ba r code symbol reader h..rina tuned rl.nn.nf 
is moved through the magnetic \- nterroaation f.-.l g produced ^. Z^ ^TT^k^ 
503, th^ul^ed resonant circuit absorb., power from^h. m.r. r.J<Z P.r b^^^f^, 
corresponding current fluctuation is detect.H by current Lnli n/ 'f'lf "1.''" 
which tTI^ers an audib l e alarm 505. notifying Itor^ n .;,n.^on.^^.\^" 
code symbol reader has b een removed^ from tl. l.re withour^n^L' TTIT T?^ 
Various types of targets, interrogation f.'. id panels and Pl.n..°nt' l'?": ,. 
sensing cir cuitry ma y be used to practi ce this aspect nf . ho "f^'^ T^^^^^ 
invention. Suitab le ^n ti-the ft detection ,.r Mecgronic .rtLZ —;. ........ 

u'! T!. '"'^ "^"^^ °' '""^ "^"•--"^ invention can h^ T^^T^^ 

4'!u4 ° : ^" -'r^SI- SOO to Mina..y, et al . ; and ' 

4,684,930 to Minasy, et al., which are hereby incorp orlf.H hy 

'"^'^^"^ '^''""'^^^ in.v,;. nsive way of .LB l^f T~.. 
symbol scanning devices, and is less exp ensive and munh .....p io. ."1 -^^-^ 
providing a sign al re ceiver w ithin the bar .o de symbol .n..r.^ ~l^^ 

Having described the four illustrativ e embodiments of rh. bar code symbol 
reading device h e re of, it is a ppropriate at th^s junctur^ H^C tTT^F t!^ 
greater detail the laser scan and ob^ enf detection fields thereof 

tl^ttT?lT I' ' ^"^ n^r M cular. each ..bodiment of .h. 

^^^^"^'"^ ^^^^^^ generate., from its bar rode symbol rJ; if^;r^ 
■ !° different types of fields extern al to its hand-.^^ .'.^K?!'"^ 

housing. As explained below, these field., function to carry .m" ! 
code symbol reading proce... a ccording to th. principles of^h " ^" 

indicated in FIG. 2 by broken and dotted lines 15. is or ovidPH ^v.o.-,,./ .^ 
!..!L.?"'r^ detecting energy reflected off an object 

TIlJ "If ^r'^? derecti^rfieid. t^. .i cond field. ^:f^:: 7^ 

as the scan field , has at l east one laser beam scanning pl ane ^(^. .u^,..^ 
in FIG. 2, and is provid e d external to the housing fnr J.^r.,r.Z , -!.° " 

symbol on the object in the oh^ . ct detection fl.ll in the or"? . ^r^^ 
embodiment, bar co de symb ol s canning is achiev.H ,sing a viLbi:T f!.. k..„ 
which, after reflectin g off the ba r code sym bol in .ha .^.n f^^L ffL 
laser scan data that is^ colle^.H f.r the p^po..ror:..:o^L,ican; Z TZ r.. 
u! ' ^"^ subsequently readijjg 7i.... scanning and LT^ ^B^ 



In general, detected energy reflected f rom an ob-j ec Hnrino object detection 
can be optical radiation o^ a coustical energy. J.h.r ...X.V T.".:''''^'''''' 
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longitudinal axis 16 of the hand-supportable housing. In the preferred 
embodiment, the object det ection field, from which such reflected energy „ 
collected, is designed to h ave a narrowly diverging pencil-like geometry of 
three-dimensional volumetr ic expanse, which is spatially coincident with at 
least a portion of the tran smitted infrared light beam. This feature of the 
present invention ensures tha t an object residing within the object detection 
field will be illuminated by t he infrared light beam, and that infrared light 
reflected therefrom will be directed generally towards the transmission 
aperture of the housing wh ere it can be automatically detected to indicate 
the presence of t he object within the object detection field. In response, a 
visible laser beam is auto matically generated within the interior of the bar 
code symbol reading engine, p rojected through the light transmission aperture 
of the housing and repeated ly scanned across the scan field, within which at 

least a portion of the detected object lies. At least a portion of the 

scanned laser ligh t beam will be scattered and reflected off the object and 
directed back towa rds and through light transmissive window 11 for collection 
and detection with in the interior of the bar code symbol reading engine, and 
subsegue ntly processed in a manner which will be described in detai l 
hereinafter. ' ' — ' 

To ensure that the user ca n guickly align the visible laser beam with the bar 
code symbol on the detected object, the object detection field is designed to 
spatially encompass at least a portion of the scan field along the operative 
scanning range of the device, as illustrated in FIGS. 3 and 3A. for the first 
illustrative embodiment of the present invention. This structural feature of 
the present invention provi des the user with an increased degree of control. 
as once an object is detected, minimal time will be required by the user to ' 
point the visible laser bea m towards the bar code symbol for scanning. In 
effect, the laser beam pointi ng efficiency of the device is markedly improved 
during the automatic bar code reading process, as it is significantly easier 
for the user to align the la ser beam across the bar code symbol upon object 
detection. ' 

As shown in FIGS. 7A to 7F. t he automatic bar code symbol reading engine 18 
of the present inv ention contains a number of electronic, electro-optical and 
optical components arranged i n a strategic manner within a miniature housing 
85. In the illustr ative embodiment, the miniature housing has mat ch-book s^-- 



dimensions (e.g.. a width along light transmission window of 1.8". a depth of 
1.6", and a heig ht of 0.6") and an interior volume of about 1.7 cubic inches. 
As shown, housingSS has an upper portion 85A and a lower portion 85B. The ~ 
underside 86 of the upper hou sing portion 85A functions as an optical bench 
(I.e., platform) upon which the majority of optical and electro-optical 
components of the engine are mounted. The lower housing portion 85B supports 
two PC boards 87 an d 88 on which the circuits of FIG. 8 are realized using — 
surface-mount comp onentry and like technology known in the art. In order to 
permit the laser b eam produced within housing 85 to exit the housing and to 

allow reflected las er light enter the same for detection, a first light 

transmission apert ure 89 is provided in the front side panel of the, upper 
housing portion 85 A. In order to permit IR light to exit and enter the 
ho using, a second light transmission aperture 90 is formed in the front side 
panel of the lower housing p ortion 85B, as shown. To permit flexible wire 
harness 21, 28 or 47 (between the bar code symbol reading engine and the data 
packet transmissi on circuit on the PC board) to interconnect with the 
circuitry on PC board 88 by way of a conventional connector 91. an 
input/output apertu re 92 is formed in the rear side panel of the lower 
housing portion 608. as shown. With PC boards 87 and 88 installiT^^Iihin the 
interior 93 of the lower ho using portion, as shown in FIG. 7A. the upper 
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housing is snap-fitted with the lower housing portion 85B by way of tabs 94 
that engage against tie interior surfaces of the side panels of the lower 
housing portion 85B. Additional details regarding the optical layout and 
construction details of the preferred embodiment of bar code reading engine 
18, will be described hereinafter. 

In FIG. 7G, an alternative embodiment of the miniature automatic bar code 
symbol reading engine 18' is shown. As illustrated, this embodiment of the 
device further includes PC board 4 5 (shown in FIG. 5A) mounted between PC 
boards 87 and 88, contained within match-box size housing 60. With data 
transmission circuit 121 realized on PC board 45, all that is reguired to 
operate automatic bar code symbol reading engine 18' is a supply of low 
voltage D.C. power, which can be provided by attaching a subminiature battery 
pack onto the end portion, bottom portion, top portion, or side portion of 
the housing 60. The transmitting antenna 23, connected to PC board 45, is 
mounted onto the exterior of housing 60 and the produced output from this 
embodiment of the bar code symbol reading engine is a RF carrier signal 
modulated by a serial data stream representative of the data packet group 
produced by the data packet transmission circuit in response to the 
successful reading of a bar code symbol. In alternative embodiments of the 
present invention, the battery pack may be physically incorporated within the 
interior of the housing modified in dimensions to accommodate the dimensions 
of the battery supply, and battery power recharging circuitry used in 
recharging the same. 

As shown in FIG. 8, automatic bar code reading engine 18 is a system 
comprising a number of cooperating components, namely: a system override 
signal detection circuit 100 for detecting the production of a system 
override signal and producing in. the presence thereof control activation 
signal A.sub.O =1; a primary oscillator circuit 101 for producing a primary 
clock signal CLK for use by the system override signal detection circuit and 
object detection circuit 107; a first RC timing network 102 for setting the 
oscillation freguency of the primary oscillator circuit; means (e.g.. Hall- 
effect sensor) 103 for producing a system override signal; first control 
means 104, realized as a first control circuit C.sub.l, for performing 
localized system control functions; a second RC timing network 105 for 
setting a timer T.sub.l in control circuit C.sub.l ; means (e.g., an object 
sensing circuit 106 and an object detection circuit 107) for producing a 
first activation control signal A.sub.l =1 upon the detection of an object 
bearing a bar code in at least a portion of the object detection field; a 
laser beam scanning mechanism 108 for producing and scanning a visible laser 
beam across the bar code symbol on the detected object:; photoreceiving 
circuit 109 for detecting laser light reflected off the scanned bar code 
symbol and producing an electrical signal D.sub.l indicative of the detected 
intensity; a analog-to-digital (A/D) conversion circuit 110 for converting 
analog scan data signal D.sub.l into a corresponding digital scan data signal 
D.sub.2 ; a bar code presence detection circuit 111 for processing digital 
scan data signal D.sub.2 in order to automatically detect the digital data 
pattern of a bar code symbol on the detected object and produce control 
activation signal A. sub. 2 =1; a third RC timing network 112 for setting a 
timer T. sub. BCD in the bar code symbol detection circuit; second control 
means 113, realized as a second control circuit C.sub.2, for performing local 
system control operations in response to the detection of the bar code 
symbol; third control means 114, realized as third control module C.sub.3 ; a 
range selection circuit 115 for supplying range selection signals to the 
object detection circuit; second control circuit C.sub.2 and third control 
module C. sub.3 ; timers T.sub.2, T.sub.3, and T.sub.4 identified by reference 
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numerals 116, 117 and 118, respectively; a symbol decoding module 119 for 
processing digital scan data signal D.sub,2 so as to determine the data 
represented by the detected bar code symbol, generate symbol character data 
representative thereof, and produce activation control signal A. sub. 3 for use 
by third control module C.sub.3 ; a data packet synthesis module 120 for 
synthesizing a group of formatted data packets for transmission to its mated 
base unit; and a data packet transmission circuit 121 for transmitting the 
group of data packets synthesized by the data packet synthesis module. As 
will be described in greater detail hereinafter, second control circuit 
C.sub.2 is capable of "overriding" (i.e., inhibit and/or enable) first 
control circuit C.sub.l, whereas third control module C.sub.3 is capable of 
overriding first and second control circuits C.sub.l and C.sub.2, 
respectively. As shown in FIG. 8, such control override signals are carried 
out by the generation of control override signals (i.e., C.sub.2 /C.sub.l, 
C.sub.3 /C.sub.2 and C.sub.3 /C.sub.l) transmitted between respective control 
structures. Owing to the unigue architecture of the control subsystem hereof, 
the automatic bar code symbol reading device of the present invention is 
capable of versatile performance and ultra-low power operation. The 
structure, function and advantages of this control subsystem architecture 
will become apparent hereinafter. 

As shown in FIG. 8, electrical power is provided to the components of the bar 
code reading device by battery power supply unit (20) contained within the 
housing of the device. In the illustrative embodiment, the battery power 
supply unit is realized as a power supply distribution circuit 125 fed 
preferably by replaceable or rechargeable batteries 126. In the case of 
rechargeable batteries, a secondary inductive coil 127, bridge rectifier 128 
and voltage regulation circuit 129 are contained within the hand-supportable 
housing, and configured as shown in FIG. 8. The function of second inductive 
coil 128 is to establish an electromagnetic coupling with the primary 
inductive coil contained in the base unit associated with the bar code 
reading device whenever the device is supported in the recharging portion of 
the base unit. In this configuration, electrical power is inductively 
transferred from the primary inductive coil in the base unit to secondary 
inductive coil 127, rectified by bridge rectifier 128, and filtered by 
voltage regulation circuit 129 to provide a regulated DC power supply for 
recharging rechargeable batteries 126. In addition, an externally accessible 
ON/OFF- power switch 130 or functionally eguivalent device is provided in 
series between battery supply unit 126 and power distribution circuitry 125 
so as to permit the user to selectively energize and deenergize the device, 
as desired or reguired. Range selection circuit 115 may include a manual 
switch externally accessible to the housing, which the user can depress to 
select long or short-range modes of object detection, bar code presence 
detection and/or bar code symbol reading. Alternatively, Range Selection 
Circuit 115 can be activated to a particular range setting by symbol decoding 
module 119. In this mode of operation, the range setting can be set bv 
decoding a bar code symbol predesignated to activate the long or short range 
modes of detection, as the case may be. 

In the illustrative embodiment of the present invention, system override 
signal detection circuit 100, primary oscillator circuit 101, object 
detection circuit 107, first control circuit C.sub.l, analog-to-digital 
conversion circuit 110, bar code symbol detection circuit 111, and second 
control circuit C.sub.2 are all realized on a single Application Specific 
Integrated Circuit (ASIC) chip 133 using microelectronic circuit fabrication 
techniques known in the art. In the illustrative embodiment, the ASIC chip 
and associated circuits for laser scanning and light detection and processing 
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functions, are mounted on PC board 87 Symbol decoding module 119, data packet 
synthesis module 120, timers T.sub.2, T.5ub.3, T.sub.4, and T5 and third 
control module C.sub>3 are realized using a single programmable device, such 
as a microprocessor having accessible program and buffer memory, and external 
timing circuitry, collectively depicted by reference numeral 134 in FIG. 8. 
In the illustrative embodiment, these components and devices are mounted on 
PC board 88. 

In the illustrative embodiment, when power switch 130 is engaged to its ON 
position, power from battery power unit 126 is provided to first control 
circuit C.sub.l, system override detection circuit 100, primary oscillator 
circuit 101 and IR object sensing circuit 106 and object detection circuit 
107 so as to enable their operation, while only biasing voltages are provided 
to all other system components so that they are each initially disabled from 
operation. In accordance with the principles of the present invention, the 
consumption of electrical power to all other system components occurs under 
the management of the control architecture formed by the interaction of 
distributed control centers C.sub.l, C.sub.2 and C.sub.3. 

In some embodiments, it is desired to override (i.e., disable) the entire 
system from operation, such as when a hand-supportable bar code symbol 
reading device is placed in a holster worn on the user's belt. In such 
instances, the bar code symbol reading device of the present invention can be 
simply disabled by activating the system override signal producing device 
(e.g., Hall-effect sensor in the presence of a magnetic field) 103 mounted 
within the hand-supportable housing. As shown in FIG. 8A, system override 
signal detection circuit 100 comprises AND gates 136 and 137, an inverter 
138, an S-R latch circuit 139 and a logical driver 140, configured as shown. 
As illustrated in FIG. 8A, the clock oscillator signal CLK (i.e., a periodic 
pulsed signal) is provided as one input of AND gate 136, one input of AND 
gate 137, and the input of logic driver 140. The system override signal SO 
from Hall-effect sensor 103 is provided to the input of inverter 138 and the 
second input of AND gate 136. The output of inverter 138 is provided to the 
input of AND gate 137. As shown, the output of AND gate 137 is provided to 
the RESET input of S-R latch 139, whereas the output of AND gate 136 is 
provided to the SET input of S-R latch 139. The output of S-R latch 139 is 
activation signal A.sub.O provided to first control circuit C.sub.l, whereas 
the output of logic driver 140 is the driver signal SO DR which is used to 
drive (i.e., provide the supply voltage for) the Hall-effect sensor 103 
mounted within the hand-supportable housing. 

As shown in FIG. 8, primary clock oscillator circuit 101 supplies a periodic 
pulsed signal to both the system override signal detection circuit and the 
object detection circuit. In the illustrative embodiment, the primary 
oscillation circuit is designed to operate at a low freguency (e.g., about 
1.0 Khz) and a very low duty cycle (e.g, about 1.0%). The "ON" time for the 
system override signal producing means and the IR object sensing circuit is 
proportional to the duty cycle of the primary oscillation circuit. This 
feature allows for minimal operating current when the bar code symbol reading 
engine is in the object detection mode and also when the system override 
signal producing device is activated (i.e., produces a system override 
signal) . 

As shown in FIG. 8B, primary oscillation circuit 101 comprises a Schmidtt 
trigger 142, inverters 143 and 144, and a NMOS Field-Effect Transistor ( FET) 
145. As shown, the output of trigger 142 is connected to the inputs of both 
inverters 143 and 144. The output of inverter 143 produces clock signal CLK 



c 



G 



which is provided to system override signal detection circuit 100 and object 
detection circuit 107. The primary oscillation circuit is connected to first 
RC network 102 which comprises resistors R.sub.l and R.sub.2, and capacitor 
C.sub.l configured as shown in FIG. 8B. The function of the RC network 102 is 
to establish the duty cycle and the oscillation period of the primary 
oscillator circuit. As shown, two time constants (i.e., loads) are 
established by the network using capacitor C.sub.l and resistors R.sub.l and 
R.sub.2. The RC combination of R.sub.l and C.sub.l establishes the period of 
the oscillator. The ratio of the R.sub.2 to R.sub.l provides the duty cycle 
of the oscillator. The value of R.sub.2 is approximately 100 times smaller 
than R.sub.l to establish a 1.0% duty cycle. As shown in the timing diagram 
of FIG. BC, the clock signal CLK remains low while the V.sub.l 1 signal ramps 
up. This ramp up time is the time it takes for the capacitor C.sub.l to 
charge through R.sub.l. The clock signal CLK then goes HIGH for the shorter 
discharge time of the capacitor through R.sub.2. By adjusting the duty cycle 
(i.e., increasing or decreasing the value of resistor R.sub.2), the 
sensitivity of the object detection circuit can be tuned such that it 
activates consistently at a specified distance from the light transmission 
window of the bar code symbol reading device. 

In accordance with the present invention, the purpose of object detection 
circuit 107 is to produce a first control activation signal A.sub.l =1 upon 
determining that an object (e.g., product, document, etc.) is present within 
the object detection field of the bar code symbol reading device, and thus at 
least a portion of the scan field thereof. As illustrated in FIG. 8, the 
object detection circuit is activated (i.e., enabled) by enabling signal 
E.sub.O supplied from first control circuit C.sub.l, and the object detection 
circuit provides the first control circuit C.sub.l with first control 
activation signal A.sub.l =1 when an object residing in the scan field is 
detected. In the illustrative embodiment, an "active" technigue of automatic 
object detection is employed, although it is understood that "passive" 
technigues may be used with acceptable results. As shown in FIG. 8, the 
object detection means of the system comprises two major subcomponents, 
namely object sensing circuit 106 and object detection circuit 107, both of 
which are locally controlled by control circuit C.sub.l. In the illustrative 
embodiment, object sensing circuit comprises an IR LED 148 driven by an IR 
transmitter drive circuit 149, and an IR phototransistor (or photodiode) 150 
activated by an IR receive biasing circuit 151. As shown in FIGS. 7D and 7F, 
these components are arranged and mounted on PC board 87 so as to provide an 
object detection field that spatially encompasses the laser scanning plane, 
as described above. As shown in FIG. 8, the object detection circuit 107 
produces an enable signal IR PR which is provided to the IR transmitter drive 
circuit 149. The signal produced from IR phototransistor 151, identified as 
IR REC, is provided as input signal to the object detection circuit 107 for 
signal processing in a manner which will be described in detail below. In the 
illustrative embodiment, infrared LED 148 generates a 900 nanometer signal 
that is pulsed at the rate of the primary oscillation circuit 101 (e.g., 1.0 
KHZ) when the object detection circuit is enabled by enable signal E.sub.O 
produced from the first control circuit C.sub.l , Preferably, the duty cycle 
of the primary oscillation circuit 101 is less than 1.0% in order to keep the 
average current consumption very low. 

As shown in FIG. 7F, in particular, this pulsed optical signal is transmitted 
from infrared LED 148 to broadly illuminate the scan field. When an object is 
present within the object detection portion of the scan field, a reflected 
optical pulse signal is produced and focussed through focusing lens 153 onto 
photodiode 150. The function of photodiode 150 is to receive (i.e., sense) 
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the reflected optical pulse signal and, in response thereto, produce a 
current signal IR REC. 

As shown in FIG. 8D, produced current signal IR REC is provided as input to 
the current-to-voltage amplifier (e.g., transconductance amplifier) 155 in 
the object detection circuit, and is converted into a voltage signal Vo. 
Within the object detection circuit 107, the infra-red LED drive signal IR PR 
is produced as the output of AND gate 157, whose inputs are enabling signal 
E.sub.O supplied from the first control circuit C.sub.l and the pulsed clock 
signal CLK supplied from the primary oscillation circuit 101. 

As shown in FIG. 8D, enabling signal E.sub.O is also provided to current-to- 
voltage amplifier circuit 155, and the output voltage signal from AND gate 
157 is provided as the second input to the synchronous transmitter/receiver 
circuit 15 6. Notably, the output voltage signal from AND gate 157 and the 
output voltage signal V.sub.O from the current-to-voltage amplifier 
correspond to the IR pulse signal trains transmitted from and received by 
object sensing circuit 106. The function of the synchronous 
transmitter/receiver circuit is to cyclically compare the output voltage 
signal from AND gate 157 and the output voltage signal V.sub.O from the 
current-to-voltage amplifier, and if these voltage signals synchronously 
match each other for a minimum of three (3) consecutive cycles of the primary 
oscillation circuit 101, then synchronous transmitter/receiver circuit 156 
produces as output, a first control activation signal A.sub.l =1, indicative 
that an object is present in the scan field of the bar code symbol reading 
device. Conversely, whenever first control activation signal A.sub.l =0 is 
produced, then this condition indicates that an object is not present in the 
scan field. 

Alternatively, the automatic bar code reading device of the present invention 
can be readily adapted to sense ultrasonic energy reflected off an object 
present within the scan field. In such an alternative embodiment, object 
sensing circuit 106 is realized as an ultrasonic energy 
transmitting/receiving mechanism In the housing of the bar code reading 
engine, ultrasonic energy is generated and transmitted forwardly into the 
scan field. Then, ultrasonic energy reflected off an object within the object 
detection field is detected adjacent to the transmission window using an 
ultrasonic energy detector that produces an analog electrical signal (i.e., 
UE REC) indicative of the detected intensity of received ultrasonic energy. 
Preferably, a focusing element is disposed in front of the energy detector in 
order to effectively maximize the collection of ultrasonic energy reflected 
off objects in the scan field. In such instances, the focusing element 
essentially determines the geometrical characteristics of the object 
detection field of the device. Conseguently, the energy focusing (i.e., 
collecting) characteristics of the focusing element will be selected to 
provide an object detection field which spatially encompasses at least a 
portion of the scan field. The electrical signal produced from the 
ultrasonic-energy based object sensing circuit is provided to object 
detection circuit 107 for processing in the manner described above. 

In the illustrative embodiments, object detection circuit 107 is provided 
with two different modes of detection, namely, a long-range mode of object 
detection and a short-range mode of object detection. As shown in FIGS. 8 and 
BP, these modes are set by range selection circuit 115 using mode enable 
signal R.sub.l. When induced into the long-range mode of object detection, 
object detection circuit 107 will generate first control activation signal 
A.sub.l =1 whenever an object has been detected within the operative range of 
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the object detection field, independent of the particular distance at which 
the object resides from the transmissive window. When induced into the short- 
range mode of object detection, the object detection circuit will generate 
first activation control signal A.sub.l =1 only when an object is detected at 
a distance within the short-range of the object detection field. 

As schematically indicated in FIGS. 3 and 3A, the long-range specification 
for object detection is preferably preselected to be the full or entire range 
of sensitivity provided by current-to-voltage amplifier (e.g., 0 to about 10 
inches). Preferably, the short-range specification for object detection is 
preselected to be the reduced range of sensitivity provided by the IR sensing 
circuit when mode enable signal E.sub.IRT =1 is provided to the 
desensitization port of amplifier 155. In the illustrated embodiment, the 
short-range of object detection is about 0 to about 3 inches or so to provide 
CCD-like scanner emulation. As will become apparent hereinafter, the 
inherently limited depth and width of field associated with the short-range 
mode of object detection prevents laser scanning mechanism 108 from flooding 
the scan field with laser scanning light and thus inadvertently detecting 
undesired bar code symbols. Particular uses to which object detection range 
selection can be put, will be described in greater detail hereinafter with 
reference to FIGS. 27A to 29B in particular. 

As shown in FIG. 8D, the sensitivity (i.e., gain) of current-to-voltage 
amplifier 155 is controlled by a sensitivity control signal E.sub.IRT 
produced from range control signal generating circuit 158. In the 
illustrative embodiment, the sensitivity control signal E.sub.IRT 160 is 
produced by a resistance network whose values are selected using an analog 
switch that is responsive to a range select signal R.sub.l produced by range 
selection circuit 115. As such, the sensitivity of the current-to-voltage 
amplifier is simply adjusted by selecting one of two resistance values within 
the resistance network used to realize range control signal generating 
circuit 158. The short range mode of object detection is enabled by selecting 
a resistance value that produces an amplifier gain that is lower than that 
produced during the long-range mode of object detection where detectable 
objects can reside further away from the light transmission window of the bar 
code symbol reading device. 

In general, first control logic block C.sub.l provides the first level of 
system control. This control circuit activates the object detection circuit 
107 by generatin g enable signal E.sub.O =1, it activates laser beam scanning 
circuit 108, photoreceiving circuit 109 and A/D conversion circuit 110 by 
generating enable signal E.sub.l =1, and it activates bar code symbol 
detection circuit 111 by generating enable signal E.sub.2 =1. In addition. 
the firs t control circuit C.sub.l provides control lines and signals in order 
to control these functions, and provides a system override function for the 
low power standby mode of the bar code symbol reading engine. In the 
illustrative embodiment, the specific operation of first control circuit 
C.sub.l is dependent on the state of several sets of input signals (i.e., 
activati on control signal A.sub.O and A.sub.l, and override signals C.sub.2 
/C.sub.l, C.sub.3 /C.sub.l -1 and C.sub.3 /C.sub.l -2) and an internally 
generate d digital timer signal B. A preferred logic implementation of the 
first control circ uit C.sub.l is set forth in FIGS. 8E and 8F. The functional 
dependen cies among the digital signals in this circuit are represented by the 
Boolean l ogic expressions set forth in the Table of FIG. 8G, and therefore 
are sufficient to uniguely characterize the operation of first control 
circuit C.sub.l. 
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As shown in FIG. 8E, first control circuit comprises a pair of logic 
inverters 161 and 162, an OR gate 163. a NAND gate 164, a NOR gate 165, an 
AND gate 166, and a digital timer circuit 167 which produces as output, a 
digital output signal B. As shown, digital timer circuit 167 comprises a 
flip-flop circuit 170, a NOR gate 171, a clock divide circuit 173, a 
comparator (i.e ., differential) amplifier 172, and a NPN transistor 174. As 
illustrated, ac tivation control signal A.sub.l is provided to the CLK input 
of flip-flop 17 0 by way of invertor 161. The QNOT output of the flip-flop is 
provided as one i nput to NOR gate 171, whereas the other input thereof is 
connected to the CLK input of clock divide circuit 173 and the output of 
comparator amplif ier 172. The output of the NOR gate is connected to the base 
of transistor 174, while the emitter thereof is connected to electrical 
ground and the collector is connected to the negative input of comparator 
amplifier 172 a s well as the second timing network 105, in a manner similar 
to the interco nnection of first timing network 102 to primary oscillation 
circuit 101. Also , the divided clock output (i.e., CLK/2048) produced from 
clock divide circuit 173 is provided to the CL input of flip-flop 170. As 
shown, the Q out put of flip-flop 170 is connected to the reset (RST) input of 
the cl ock divide circuit 173 as well as to one input of OR gate 163, one 
input of NOR gat e 165, and one input of AND gate 166. Notably, the Q output 
of the flip-flop is the digital output signal B indicated in each of the 
Boolean expressions set forth in the Table of FIG. 8G. 

As shown in FIG. BE, enable signal A.sub.O from the system override signal 
detection circuit 100 is provided as the second input to OR gate 163, and the 
output thereof is provided as input to NAND gate 164. The override signal 
C.sub,2 /C.sub. l from second control circuit C.sub.2 is provided as the input 
to invertor 162, whereas the output thereof is provided as the second input 
to AND gate 166. The override signal C.sub.3 /C.sub.l -1 from third control 
module C.sub.3 is provided as the second input to NAND gate 164, whereas the 
output thereof produces enable signal E.sub.O for activating the object 
detection circuit 107. The override signal C.sub.3 /C.sub.l -2 is provided to 
the second input to NOR gate 165, whereas the output thereof produces enable 
signal E.sub.l for activating laser scanning and photoreceiving circuits 108 
and 109 and A/D conversion circuit 110. The output of AND gate 166 produces 
enable signal E .sub.2 for activating bar code symbol detection circuit 111. 

Referr ing to FIG. 8E, the operation of digital timer circuit will be 
described. The ou tput voltage of comparator amplifier 172 keeps transistor 
174 in its non-conducting st ate (i.e., OFF), via NOR gate 171, thus allowing 
the external RC ne twork 105 to charge to capacity. When comparator input 
voltage vx exceeds reference voltage VCC/2, the comparator output voltage 
biases ( i.e., switches ON) transistor 174 so as to begin discharging the RC 
timing network 105, until input voltage vx falls below reference voltage 
VCC/2 upon which the process repeats, thus generating a digital clock 
oscilla tion at the comparator output. The timing cycle of digital output 
signal B is ini tiated by a transition on the activation control signal 
A.sub.l which togg les flip-flop 170. This toggling action sets the digital 
output signal B to its logical HIGH state, resetting clock divide circuit 173 
and star ting the digital clock oscillator described above by toggling the 0 
output o f flip-flop 170. As shown in FIG. 8F, clock divide circuit 173 is 
constructed by cascading elev en flip-flop circuits together in a conventional 
manner. Each stage of the clock divider circuit divides the input clock 
signal freguency b y the factor 2. Thus the clock divider circuit provides an 
overall division factor of 2048. When the clock output CLK/2048 toggles, the 
flip-flop circuit is cleared thus setting the digital signal B to logical LOW 
until the next pulse of the activation control signal A.sub.l. 
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As reflected in the Boolean expressions of FIG. 8G, the state of each of the 
enable signals E.sub.O , E.sub.l and E.sub,2 produced by the first control 
circuit C.sub.l is dependent on whether the bar code symbol reading system is 
in its override state of operation. To better understand the operation of 
control circuit C.sub.l, it is helpful to consider a few control strategies 
preformed thereby. 

In the override state of operation of the system, enable signal E.sub.O can 
be unconditionally set to E.sub.O =0 by the third control circuit C.sub.3 
setting override signal C.sub,3 /C.sub.l =0. Under such conditions, the 
object detection circuit is enabled. Also, when the system override signal 
detecti on circuit is activated (i.e., A.sub.O =1) or the laser scanning and 
photoreceiving circuits activated (i.e., B=l) and override signal C.sub.3 
/C.sub.l -1=1, then enable signal E.sub.O =1 and therefore the object 
detecti on circuit is automatically deactivated. The advantage of this control 
strategy is that it is generally not desirable to have both the laser 
scanning circuit 108 and photoreceiving circuit 109 and the object sensing 
circui t 105 active at the same time, as the wavelength of the infrared LED 
148 typ ically falls within the optical input spectrum of the photoreceiving 
circuit 109. In addition, less power is consumed when the object detection 
circuit 107 is inactive (i.e., disabled). 

As illustrated in FIG. 8, laser scanning circuit 108 comprises a light source 
177 which, in general, may be any source of intense light suitably selected 
for max imizing the reflectivity from the object bearing a bar code symbol. In 
the preferred embodiment, light source 177 comprises a solid-state visible 
laser diode (VLD) which is driven by a conventional driver circuit 178. In 
the illustrative embodiment, the wavelength of visible laser light produced 
from the laser diode is preferably about 670 nanometers. In order to 
repeatedly scan the produced laser beam over the scan field (having a 
predete rmined spatial extent in front the light transmission window) , a 
planar scanning mirror 179 is rapidly oscillated back and forth by a flipper 
or step per motor 180 driven by a conventional driver circuit 181, as shown. 
A. stationary mirror 182 is mounted on the underside of housing portion 85A 
along a n optical path between laser diode 177 and planar mirror 179, in order 
to direct the laser beam from the laser diode to the oscillating planar 
mirror 179. To selectively activate both laser light source 177 and motor 
180, laser diode and scanning motor enable signal E.sub.l is provided as 
input to driver circuits 178 and 181. When enable signal E.sub.l is a logical 
"high" level (i.e., E.sub.l =1) a laser beam is generated and projected 
through the light transmissive window, when the projected laser beam is 
repeated ly scanned across the scan field, and an optical scan data signal is 
thereby produced off the object (and bar code) residing within the scan 
field. When laser diode and scanning motor enable signal E.sub.l is a logical 
"low" (i.e., E.sub.l =0), there is no laser beam produced, projected, or 
scanned across the scan field. 

When a bar code symbol is present on the detected object at the time of 
scanning , the user visually aligns the visible laser beam across the bar code 
symbol and incident laser light on the bar code will be scattered and 
reflected. This scattering/reflection process produces a laser light return 
signal of variable intensity which represents a spatial variation of light 
reflectivity characteristic of the pattern of bars and spaces comprising the 
bar code symbol. Photoreceiving circuit 109 detects at least a portion of the 
reflecte d laser light of variable intensity and produces an analog scan data 
signal D.sub.l indicative of the detected light intensity. In the 
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illustrative embodiment, photoreceivinq circuit 109 generally comprises a 
number of components, namely: laser light collection optics (i.e., planar 
mirror 179 and focusing lens 184) for focusing reflected laser light for 
subsequent detection; a photoreceiver 185 (e.g., a silicon photosensor) 
mounted onto PC board 87, as shown in FIG. 7F, for detecting laser light 
focused by the light collection optics; and a frequency selective filter 
186A, mounted in front of photoreceiver 185, for transmitting thereto only 
optical radiation having wavelengths up to a small band above 670 nanometers. 

In order to prevent optical radiation slightly below 670 nanometers from 
passing through light transmission aperture 110 and entering the housing, a 
light transmissive window realized as a plastic filter lens 186B is installed 
over the light transmission aperture of the housing. This plastic filter lens 
has optical characteristics which transmit only optical radiation from 
slightly below 670 nanometers. In this way, the combination of plastic filter 
lens 186B at the transmission aperture and freguency selective filter 186A 
before photoreceiver 185 cooperate to form a narrow band-pass optical filter 
having a center frequency f.sub.c =670 nanometers. By permitting only optical 
radiation associated with the visible laser beam to enter the housing, this 
optical arrangement provides improved signal-to-noise ratio for detected scan 
data signals D.sub.l. 

In response to reflected laser light focused onto photoreceiver 185, 
photoreceiver 185 produces an analog electrical signal which is proportional 
to the intensity of the detected laser light. This analog siqnal is 
subsequently amplified by preamplifier 187 to produce analog scan data signal 
D.sub.l. In short, laser scanning circuit 108 and photoreceiving circuit 109 
cooperate to generate analog scan data signals D.sub.l from the scan field, 
over time intervals specified by first control circuit C.sub.l during normal 
modes of operation, and by third control module C.sub.3 during "control 
override" modes of operation. 

As illustrated in FIG. 8, analog scan data signal D.sub.l is provided as 
input to A/D conversion circuit 110, shown in FIG. 8H. In a manner well known 
in the art, A/D conversion circuit 110 processes analog scan data signal 
D.sub.l to provide a digital scan data signal D.sub.2 which has a waveform 
that resembles a pulse width modulated signal, where logical "1" signal 
levels represent spaces of the scanned bar code and logical "0" signal levels 
represent bars of the scanned bar code. A/D conversion circuit 110 can be 
realized using any conventional A/D conversion techniques well known in the 
art. Diqitized scan data siqnal D.sub.2 is then provided as input to bar code 
presence detection circuit 111 and symbol decoding module 119 for use in 
performing particular functions required during the bar code symbol reading 
process of the present invention. 

The primary purpose of bar code presence detection circuit 111 is to 
determine whether a bar code is present in or absent from the scan field, 
over time intervals specified by first control circuit C.sub.l during normal 
modes of operation and by third control module C.sub.3 during control 
override modes of operation. In the illustrative embodiment, bar code 
presence detection circuit 111 indirectly detects the presence of a bar code 
in the scan field by detecting its bar code symbol "envelope". In the 
illustrative embodiment, a bar code symbol envelope is deemed present in the 
scan field upon detecting a corresponding digital pulse sequence in digital 
signal D.sub.2 that A/D conversion circuit 110 produces when photoreceiving 
circuit 109 detects laser light reflected off a bar code symbol scanned by 
the laser beam produced by laser beam scanning circuit 108. This digital 
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pulse sequence detection process is achieved by counting the number of 
digital pulse transitions (i.e,, falling pulse edges) that occur in digital 
scan data signal D.sub.2 within a predetermined time period T.sub.l clocked 
by the bar code symbol detection circuit. According to the laws of physics 
governing the laser scanning operation, the number of digital (pulse-width 
modulated) pulses detectable at photoreceiver 185 during time period T.sub.l 
is a function of the distance of the bar code from the light transmission 
window 111 at the time of scanning. Thus a bar code symbol scanned at 6" from 
the light transmission window will produce a larger number of digital pulses 
(i.e., digital count) at photoreceiver 185 during time period T.sub.l than 
will the same bar code symbol scanned at 3" from the light transmission 
window. 

In the illustrative embodiment, the bar code symbol detection circuit 111 is 
provided with the capacity to detect the presence of a bar code symbol in 
either the long or short range portions of the scan field, as specified in 
FIGS. 3 and 3A. This is achieved by counting the digital pulse transitions 
present in digital scan signal D.sub.2 within predetermined time period 
T.sub.l and producing second control activation signal A.sub.2S (i.e., 
A.sub.2S =1) when the counted number of pulse transitions equals or exceeds a 
first prespecified digital pulse transition count corresponding to a bar code 
symbol scanned in the short range portion of the scan field., and producing 
second control activation signal A.sub.2L (i.e., A.sub.2L =1) when the 
counted number of pulse transitions equals or exceeds a second prespecified 
digital pulse transition count corresponding to a bar code symbol scanned in 
the long range portion of the scan field. As shown in FIG. 8, both of these 
second control activation signals A.sub.2L and A.sub.2S are produced and 
provided as input to second control circuit C.sub.2. However, second control 
circuit C.sub.2 selectively provides (e.g., gates) the second control 
activation signal that corresponds to range-mode of operation selected by the 
user. When the long range mode of operation has been selected by range 
selection circuit 115, the device will automatically undergo a transition 
from bar code presence detection state to bar code symbol reading state upon 
receiving control activation signal A.sub.2L ==1 . Similarly, when the short 
range mode of operation has been selected by the range selection circuit 115, 
the device will automatically undergo a transition from bar code presence 
detection state to bar code symbol reading state upon receiving control 
activation signal A.sub.2S =1. 

In the illustrative embodiment, bar code symbol presence detection circuit 
111 comprises a digital pulse transition counter 190 for counting digital 
pulse transitions during time period T.sub.l, and a digital clock circuit 
(i.e., T. sub. BCD circuit) 191 for measuring (i.e., counting) time period 
T. sub. BCD and producing a count reset signal CNT RESET at the end of each 
such time period, as shown in FIG. 8K. As shown in FIG. 8K, the function of 
digital clock circuit 191 is to provide a time period T. sub. BCD (i.e., time 
window subdivision) within which the bar code symbol detection circuit 
attempts, repeatedly during time period T.sub.l, to detect a bar code symbol 
in the scan field. In the preferred embodiment, T. sub. BCD is about 0.1 
seconds, whereas T.sub.l is about 1.0 second. As shown in FIG. 81, in order 
to establish such "bar code search" time subintervals within time period 
T.sub.l, the digital clock circuit 191 generates the first count reset pulse 
signal CNT RESET upon the detection of the first pulse transition in digital 
scan data signal D.sub.2. The effect of this reset signal is to clear or 
reset the digital pulse transition (falling edge) counter. Then at the end of 
each time subinterval T. sub. BCD, digital clock signal 191 generates another 
count reset pulse CNT RESET to reset the digital pulse transition counter. If 
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during time window T.sub.l, a sufficient number of pulse transitions in 
signal D.sub.2 are counted over a subinterval T. sub. BCD, then either control 
activation signal A,5ub.2L or A.sub.2S will be set to "1". In response to the 
detection of this condition, second control circuit C.sub.2 automatically 
enables control activation C.sub.3 in order to initiate a transition from the 
bar code symbol detection state of operation to the bar code symbol reading 
state of operation. 

As shown in FIG. 81, digital pulse transition counter 191 is formed by wiring 
together a series of four flip-flop circuits 192 to 195, such that each flip 
flop divides the clock signal frequency of the previous stage by a factor of 
2. As indicated in the drawing of FIG. 81, the Q output of flip flops 192 to 
194 represent the binary digits 2, 4, 8, and 16 respectively, of a binary 
number (i.e., counting) system. As shown, enable signal E.sub.2 from first 
control circuit C.sub.l is provided as input to NOR gate 197, while the 
second input thereto is the counter reset signal CNT RESET provided from the 
digital counter circuit 191. In order to reset or clear the pulse transition 
counter circuit 190 upon the generation of each CNT RESET pulse, the output 
of the NOR gate 197 is connected to the clear line (CL) of each flip flop 192 
to 195, as shown. 

As illustrated in FIG. 81, digital clock circuit 191 comprises a flip-flop 
circuit 198, a NOR gate 199, a clock divide circuit 200, a comparator 201, 
and a NPN transistor 202. As illustrated, digital scan data signal D.sub.2 is 
directly provided to the CLK input of flip-flop 198. The QNOT output of the 
flip-flop is provided as one input to NOR gate 199, whereas the Q output 
thereof is connected to the CLK input of clock divide circuit 200 and the 
second input of NOR gate 197. The other input of NOR gate 199 is connected to 
the input line CLK of clock divide circuit 200 and to the output of 
comparator 201, as shown. The output of the NOR gate is connected to the base 
of transistor 202, while the emitter thereof is connected to electrical 
ground and the collector is connected to the negative input of comparator 201 
as well as to the third timing network 112, in a manner similar to the 
interconnection of the first timing network 102 to primary oscillation 
circuit 101. As shown in FIG. 8J, clock divide circuit 200 is realized as 
series of five flip-flops 200A to 200E wired together so as to divide digital 
clock input signal CLOCK by 32, and be resettable by pulsing reset line RESET 
in a conventional manner. 

When an object is detected in the scan field, first control circuit C.sub.l 
produces enable signal E.sub.2 =1 so as to enable digital pulse transition 
counter 190 for a time duration of T.sub.l. As shown, the digital scan data 
signal D.sub.2 (representing the bars and spaces of the scanned bar code) 
drives the clock line of first flip flop 192, as well as the clock line of 
flip flop 198 in the T. sub. BCD timer circuit. The first pulse transition in 
digital scan data signal D.sub.2 starts digital timer circuit 191. The 
production of each count reset pulse CNT RESET from digital timer circuit 191 
automatically clears the digital pulse transition counter circuit 190, 
resetting it once again to count the number of pulse transitions present in 
the incoming digital scan data signal D.sub.2 over a new time subinterval 
T. sub. BCD. The Q output corresponding to eight pulse transitions counted 
during time period T. sub. BCD, provides control activation signal A. sub. 2 S 
for use during the short range mode of operation. The Q output corresponding 
to sixteen pulse transitions counted during time period T. sub. BCD, provides 
control activation signal A. sub. 2 L for use during the long range mode of 
operation. When the presence of a bar code in the scan field is detected, 
second activation control signal A.sub.L2 or A.sub.2S is generated, third 
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control circuit C.sub,3 is activated and second control circuit C.sub.2 is 
overridden by third control circuit C.sub.3 through the transmission of 
control override signals (i.e., C.sub.3 /C,sub.2 inhibit and C.sub.3 /C.sub.l 
enable signals) from the third control circuit C.sub.3. 

As illustrated in FIG. 8L, second control circuit C.sub.2 is realized using 
logic circuitry consisting of NAND gates 205 to 208, inverters 209 and 210, 
NOR gates 211 to 213, NAND gates 214 and 215, AND gate 216, configured 
together as shown. As shown, second control activation signals A.sub.2S and 
A.sub.2L are provided to the first inputs of NAND gates 214 and 215, 
respectively, whereas the outputs of NOR gates 211 and 212 are provided to 
the second inputs of NAND gates 214 and 215 respectively. The outputs of NAND 
gates 214 and 215 are provided to the inputs of AND gate 216 and the output 
thereof provides enable signal E.sub.3 for enabling third control module 
C.sub. 3. 

As shown in FIG. 8L, the third control module C.sub.3 provides override 
signals C.sub.3 /C.sub.2 -1 and C.sub.3 /C.sub.2 -2 to the first and second 
inputs of NAND gate 205 and to the first input of NAND gate 207 and the first 
input of NAND gate 208, respectively. The range selection signal R produced 
from range selection circuit 115 is provided as input to NAND gate 206. As 
shown, output of NAND gate 205 is provided as the second input to NAND gate 
206. The output of NAND gate 206 is provided as the second input to NAND gate 
207 and the second input to NAND gate 208. As shown in FIG. 8L, the output of 
NAND gate 207 is provided as an input to NOR gate 211 and inverter 209, 
whereas the output of NAND gate 208 is provided as inputs to NOR gates 211 
and 212 and inverter 210. The output of inverter 209 is provided as the other 
input to NOR gate 212 and one input to NOR gate 213. The output of inverter 
210 is provided as another input to NOR gate 213, whereas the output thereof 
provides control override signal C.sub.2 /C.sub.l. So configured, the 
combinational logic of the second control circuit C.sub.2 maps its input 
signals to its output signals in accordance with the logic table of FIG. 8M. 

Upon entering the bar code symbol reading state, third control module C.sub.3 
provides override control signal C.sub.3 /C.sub.l to first control circuit 
C.sub.l and second control circuit C.sub.2. In response to control signal 
C.sub.3 /C.sub.l, the first control circuit C.sub.l produces enable signal 
E.sub.l ==1 which enables scanning circuit, 109 photoreceiving circuit 109 and 
A/D conversion circuit 110. In response to control signal C.sub.3 /C.sub.2, 
the second control circuit C.sub.2 produces enable signal E.sub.2 =0, which 
disables bar code symbol detector circuit 111. Thereafter, third control 
module C.sub.3 produces enable signal E.sub.4 to enable symbol decoding 
module 119. In response to the production of such signals, the symbol 
decoding module decode processes, scan line by scan line, the stream of 
digitized scan data contained in signal D.sub.2 in an attempt to decode the 
detected bar code symbol within the second predetermined time period T.sub.2 
established and monitored by the third control module C.sub.3. If the symbol 
decoding module 119 successfully decodes the detected bar code symbol within 
time period T.sub.2, then symbol character data D.sub.3 (representative of 
the deco ded bar code symbol and typically in ASCII code format) is produced. 
Thereupon symbol decoding module 119 produces and provides the third control 
activation signal A. sub. 3 to the third control module C.sub.3 in order to 
induce a transition from the bar code symbol reading state to the data paclcet 
transmission state. In response thereto, a two distinct events occur. First 
the third control module C.sub.3 produces and provides enable signal E.sub.5 
to data packet synthesis module 120. Secondly, symbol decoding module 119 
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stores symbol character da.ta D.sub.3 in a memory buffer associated with data 
packet synthesis module 120. 

In the illustrated embodiment, symbol decoding module 119, data packet 
synthesis module 120, and timers T.sub.2, T.sub.3, T.sub,4 and T5 are each 
realized using programmed microprocessor and accessible memory 134. 
Similarly, third control module C.sub.3 and the control functions which it 
performs at Blocks I to GG in FIGS. 13A and 13C, are realized as a 
programming implementation using techniques well known in the art. 

The function of data packet synthesis module 120 is to use the produced 
symbol character data to synthesize a group of data packets for subsequent 
transmission to its mated base unit by way of data packet transmission 
circuit 121. 

In the illustrative embodiment, each synthesized data packet is formatted as 
shown in FIG. 8N. In particular, each data packet in each data packet qroup 
comprises a number of data fields, namely: Start of Packet Field 220 for 
containing a digital code indicating the beginning of the transmitted data 
packet; Transmitter Identification Number Field 221 for containing a digital 
code representative of the Transmitting Bar Code Symbol Reader; Data Packet 
Group Number Field 222 for containing a digital code (i.e., a first module 
number) assigned to each particular data packet group being transmitted; Data 
Packet Transmission No. Field 223 for containing a digital code (i.e., a 
second module number) assigned to each data packet in each data packet group 
being transmitted; Symbol Character Data Field 224 for containing digital 
code representative of the symbol character data being transmitted to the 
base unit; Error Correction Code Field 225 for containing a digital error 
correction code for use by the receiving base unit to determine if error in 
data packet transmission has occurred; and End of Packet Field for 226 for 
containing a digital code indicating the end of the transmitted data packet. 

After the data packet synthesis module synthesizes a group of data packets as 
described above, the third control module C.sub.3 provides enable signal 
E.sub.7 to data packet transmission circuit 121. As illustrated in FIG. 9, 
the data packet transmission circuit comprises a carrier signal generation 
circuit 230, a carrier signal freguency modulation circuit 231, a power 
amplifier 232, a matching filter 233, and a quarterwave (. lambda. /4) 
transmitting antenna element 234. The function of the carrier signal 
generation circuit 230 is to generate a carrier signal having a frequency in 
the RF region of the electromagnetic spectrum. In the illustrative 
embodiment, the carrier frequency is about 912 Mhz, although it is understood 
that this frequency may vary from one embodiment of the present invention, to 
another embodiment thereof. As the carrier signal is being transmitted from 
transmitting antenna 234, freguency modulation circuitry 231 modulates the 
instantaneous frequency of the carrier signal using the digital data sequence 
(i.e., digital data stream) 235 constituting the group of data packets 
synthesized by the data packet synthesis module 120. The function of the 
power amplifier is to amplify the power of the transmitted modulated carrier 
signal so that it may be received by a base unit of the present invention 
located within a predetermined data transmission range (e.g., from about 0 to 
about 30 feet), illustrated in FIGS. 2, 4, 5A, and 60, in particular. 

In general, each base unit of the present invention performs a number of 
functions. First, the base unit receives the modulated carrier signal 
transmitted from a hand-supportable bar code symbol reading device within the 
data reception range of the base unit. Secondly, the base unit demodulates 
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the received carrier signal to recover the data packet modulated thereunto 
during signal transmission. Thirdly, the base unit analyzes each of the 
recovered data packets to determine whether the received carrier signal was 
transmitted from a hand-supportable bar code symbol reading device 
preassigned to the receiving base unit. Fourthly, the base unit recovers the 
symbol character data from at least one data packet in a transmitted group of 
data packets, and ascertaining the reliability of the recovered symbol 
character data. Fifthly, the base unit generates an acoustical 
acknowledgement signal S.sub.ACK that can be audibly perceived by the 
operator of the transmitting bar code symbol reading device while located in 
the data reception range of the base unit. Finally, the base unit transmits 
the received symbol character data to a host computer system or like device. 
Each of these functions will be described in greater detail during the 
detailed description of the Main System Control Routine set forth in FIGS. 
13A to 13C. 

In order to better understand the functions performed by the bar code symbol 
reading device and base unit of the present invention, it will be helpful to 
first describe the principles underlying the data communication method of the 
present invention, and thereafter discuss the role that the base unit plays 
in carrying out this communication method. 

In a typical application of the present invention, a (resultant) system of 
bar code symbol reading subsystems are installed in physical proximity with 
each other. Typically each system is a point of sale (POS) station including 
a host computer system interfaced with a base unit of the present invention 
and an automatic hand-supportable bar code symbol reading device preassigned 
to one of the base units. To register (i.e., associate) each bar code symbol 
reading device with a preassigned base unit, each bar code symbol reading 
device is preassigned a unique "Transmitter Identification Code" which is 
stored in a memory in the assigned base unit during a set-up procedure. In 
the illustrative embodiment, the carrier frequency of the data packet 
transmitter in each bar code symbol reading device is substantially the same 
for all bar code symbol reading devices in the resultant system. Also, the 
data packet transmission range of each bar code symbol reading device will be 
substantially greater than the distance between each bar code symbol reading 
device and a neighboring base unit to which the bar code symbol reading unit 
is not assigned. Consequently, under such operating conditions, at any 
instance in time, any base station in the resultant system may simultaneously 
receive twq or more packet modulated carrier signals which have been 
transmitted from two or more bar code symbol reading devices being used in 
the resultant system. These bar code symbol reading devices may include the 
bar code symbol reading device preassigned to the particular base unit as 
well as neighboring bar code symbol reading devices. Thus due to the 
principles of data packet transmission of present invention, there exists the 
possibility that any particular base unit may simultaneously receive two or 
more different data packets at any instant in time, thereby creating a 
"packet interferences "situation. 

In order to ensure that each base unit in the resultant system is capable of 
receiving at least one data packet from a data packet group transmitted by 
its preassigned bar code symbol reading device (i.e., without risk of 
interference from neighboring bar code symbol reading device transmitters), 
the unigue "data packet group" transmission scheme shown in FIG. 10 is 
employed. As shown, upon the successful reading of a first bar code symbol 
and the production of its symbol character data D.sub.3, data packet 
synthesis module 120 aboard the bar code symbol reading device automatically 
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produces a first (i.e., N=l) group of (three) data packets, each having the 
packet format shown in FIG. 9. Thereafter, the data packet transmission 
circuit 121 uses the digital data bit stream, representative of the 
synthesized data packet group, to modulate a carrier signal transmitted from 
the hand-supportable bar code symbol reading device. 

In the illustrative example shown FIG. 10, only the second and third data 
packets of the group sent over the modulated carrier signal are shown as 
being received by the preassigned base unit. As shown in this drawing, the 
base unit transmits the recovered symbol character data D.sub.3 to its host 
computer system, upon receiving the second data packet in the transmitted 
group of data packets. Thereafter, the base unit produces an acoustical 
acknowledgement signal S.sub.ACK of sufficient intensity that it can be 
easily heard by the operator of the bar code symbol reading device that 
transmitted the received data packet. The function of the acoustical 
acknowledgment signal is to provide the operator with an audible 
acknowledgement that the symbol character data D.sub.3 (associated with the 
recently read bar code symbol) has been received by the base unit and 
transmitted to its host computer system for processing and or subseguent 
storage. Notably, while the third data packet N.sub.3 is also received by the 
base unit, the available acknowledgement signal S.sub.ACK and symbol 
character data transmission is not produced as packet N.sub.3 contains 
redundant information already received by the second packet N.sub.2 of the 
same group. 

In the preferred embodiment, the pitch of the transmitted acoustical 
acknowledgement signal S.sub.ACK is uniguely specified and assigned to a 
particular bar code symbol reading unit. This way the operator of each bar 
code symbol reading (sub) system can easily recognize (i.e., discern) the 
audible acoustical acknowledgement signal produced from the base unit 
preassigned to his or her bar code symbol reading device. At the same time, 
this pitch assignment scheme allows each operator to ignore audible 
acoustical acknowledgment signals produced from neighboring base units not 
mated with his or her portable bar code symbol reading device. If after 
reading a bar code symbol, the operator does not see the visual "good read" 
indication light on its device "flash" or "blink" and immediately thereafter 
hear its preassigned acoustical acknowledgement signal emanate from its base 
unit, then the operator is implicitly informed that the symbol character data 
of the read bar code symbol was not successfully received by the base unit. 
In response to such an event, the operator simply rereads the bar code symbol 
and awaits to hear the acoustical acknowledgment signal emanating from the 
base unit. 

Notably, it may even be desirable in some operating environments to produce 
acoustical acknowledgement signals in the form of a unigue series of notes 
preassigned to a bar code symbol reading device and its "mated" base unit. 
The pitch or note sequence assigned to each mated base unit and bar code 
symbol reading device can be stored in a memory (e.g., EPROM) realized in the 
base unit, and can be programmed at the time of system set-up and modified as 
required. Preferably, each pitch and each note seguence is selected so that 
it can be readily distinguished and recognized by the operator to which it is 
uniquely directed. 

Also shown in FIG. 10 is the case where the bar code symbol reading device 
reads a second bar code symbol and then transmits a second (N=2) group of 
data packets. However, due to interference only the third data packet in the 
second transmitted group of data packets is received at the respective base 
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unit. Despite such group transmission errors (e.g., due to channel corruption 
or non-radio transmissive obstructions) , the base unit as shown is 
nevertheless able to recover the transmitted symbol character data. Upon 
receiving the third data packet, recovering the packaged symbol character 
data and transmitting the same to the host computer system, the bar code 
symbol reading device generates an acoustical acknowledgement signal having a 
pitch or note sequence that the operator can hear and recognize as an 
indication that the data packet reception was successful. 

In FIGS. 11 and 12, the data packet transmission and reception scheme of the 
present invention is shown for the case of three station system. In the best 
case scenario shown in FIG. 11, the group of data packets transmitted from 
each bar code symbol reading device is transmitted at a time when there are 
no neighboring bar code symbol reading devices transmitting data packets. 
This case will occur most frequently, as the total transmission times for 
each group of data packets is selected to be substantially smaller than the 
random time durations lapsing naturally between adjacent data packet 
transmissions from neighboring bar code symbol reading devices. This fact is 
illustrated in FIG. 11, in which (i) a group of data packets from bar code 
reading device No. 1 are transmitted between adjacent groups of data packet 
transmitted from bar code symbol reading devices Nos . 2, 3 and 4 without the 
occurrence of data packet interference (i.e., collision). In most instances, 
the time delay between consecutive groups of data packets transmitted from 
any particular bar code symbol reading device, will be sufficient to permit a 
neighboring bar code symbol reading device to transmit at least one data 
packet to its base unit without the* occurrence of data packet interference. 

In accordance with the data transmission scheme of the present invention, 
data packet interference is minimized by the random presence of interference- 
free time slots, during which a transmitted data packet can be received at 
its respective base unit without neighboring packet interference. However, 
the present invention employs additional measures to further reduce the 
likelihood of data packet interference. Such measures are best appreciated 
when considering a high-density data packet transmission environment, in 
which a number of closely situated neighboring bar code symbol readers are 
each attempting to transmit a group of data packets to its preassigned base 
unit. In general, such operating conditions would present a worst case 
scenario for the data packet transmission scheme of the present invention. 

In the worst case scenario shown in FIG, 12, each of the four neighboring bar 
code symbol reading devices is assumed to consecutively read two bar code 
symbols and simultaneously begin the transmission of the first data packet in 
the first group of data packets corresponding to the first read bar code 
symbol. As mentioned above, each data packet is formatted essentially the 
same way, has substantially the same packet width, and is transmitted on a 
carrier signal having a frequency which is substantially the same as all 
other carrier signals transmitted throughout the system. In accordance with 
the principles of the present invention, the data packet transmission circuit 
121 in each bar code symbol reading device is preprogrammed to transmit 
adjacent data packets with a different "time delay", as shown in FIG. 12. 
This condition is achieved throughout the resulting system by assigning a 
different Packet Time Delay to each having a different Transmitter 
Identification Number, and then programming the bar code symbol reading 
device with the preassigned Packet Time Delay parameter. As illustrated in 
FIG. 12, the value of the Packet Time Delay parameter programmed in each bar 
code symbol reading device is selected so that, when the neighboring bar code 
symbol reading devices simultaneously transmit groups of data packets, each 
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base unit in the resulting system is capable of receiving at least one data 
packet (in a group thereof) that has been transmitted from its preassigned 
bar code symbol reading device. In general, the data packet delay scheme of 
the present invention involves selecting and programming the Packet Time 
Delay parameter in each bar code symbol reading device so that each base unit 
is periodically provided a vacant time slot, during which one transmitted 
data packet in each group thereof can be received free of "data packet 
interference", as shown in FIG. 12. The advantage of providing a packet time 
delay among the data packets of each transmitted group thereof is that 
rereading and retransmission of bar code symbols is effectively minimized 
under the data packet transmission scheme of the present invention. 

Having described the detailed structure and internal functions of automatic 
bar code symbol reading device of the present invention, the operation of the 
control system thereof will now be described while referring to the system 
block diagram shown in FIG. 8 and control Blocks A to GG in FIGS. 13A to 13C. 

Beginning at the START block of Main System Control Routine and proceeding to 
Block A of FIG. 13A, the bar code symbol reading system is "initialized". 
This initialization step involves activating system override circuit 100, 
first control circuit C.sub.l and oscillator circuit 101. It also involves 
deactivating (i.e., disabling): (i) all external system components except the 
range selection circuit 115 and system override signal producing means 103 
(i.e., infrared sensing circuit 105, laser scanning circuit 108, and 
photoreceiving circuit 109); (ii) all subcircuits aboard ASIC chip 133 not 
associated with the system override circuit 100, such as object detection 
circuit 107, A/D conversion circuitry 110, second control circuit C.sub.2 and 
bar code presence detection circuit 111; and (iii) third control module 114, 
symbol decoding module 119 and data packet synthesis module 120. In addition, 
all timers T.sub.l, T.sub.2, T.sub.3, T.sub.4, and T.sub.5 are reset to t=0. 

Proceeding to Block B in FIG. 13A, the first control circuit C.sub.l checks 
to determine whether it has received control activation signal A.sub.O =1 
from system override detection circuit 100. If this signal is received, then 
the first control circuit C.sub.l returns to Block A. If control activation 
signal A.sub.O =1 is not received, then at Block C the first control circuit 
C.sub.l activates (i.e., enables) the object detection circuit by producing 
E.sub.O. At Block D, the object detection circuit receives either the long 
range mode selection signal or the short range mode selection signal produced 
by the range selection circuit 115 and sets the appropriate sensitivity level 
of the circuit. At Block E, the first control circuit C.sub.l determines 
whether it has received control activation signal A.sub.l =1, indicating that 
an object has been detected within the selected range of the scan field. If 
this control activation signal is not received, then at Block F the first 
control circuit C.sub.l determines whether its has received control 
activation signal A.sub.O =1. If the first control circuit C.sub.l has 
received control activation signal A.sub.O =1, then the control system 
returns to Block A in FIG. 13A, as shown. If the first control circuit 
C.sub.l has not received control activation signal A.sub.O =1, then the 
control system returns to Block E, as shown. 

If at Block E the first control circuit C.sub.l has received first control 
activation signal A.sub.l =1, then at Block G the first control circuit 
C.sub.l (i) deactivates (i.e., disables) the object sensing circuit and the 
object detection circuit using disabling signal E.sub.O =0, (ii) activates 
(i.e., enables) laser scanning circuit 108, photoreceiving circuit 109 and 
A/D signal conversion circuit 110 using enable signal E.sub.l =1, (iii) 
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activates bar code detection circuit 111 and second control circuit C.sub,2 
using enable signal E.sub.2 =1, and (iv) starts timer T.sub.l maintained in 
the first control circuit C.sub.l. This permits the bar code symbol reading 
device to collect and analyze scan data signals for the purpose of 
determining whether or not a bar code is within the scan field. If at Block H 
the second control circuit C.sub.2 does not receive control activation signal 
A.sub.2S =1 or A.sub.2L =1 from the bar code detection circuit within time 
period T.sub.l, indicating that a bar code symbol is detected in the selected 
range of the scan field, then the control system returns to Block A thereby 
returning system control to the first control unit C.sub.l, as shown in FIG. 
13A. If at Block H the bar code symbol detection circuit 111 provides the 
second control circuit C.sub.2 with control activation signal A.sub.2S =1 or 
A.sub.2L =1, as the case may be, then second control circuit C.sub.2 
activates (i.e., enables) third control module C.sub.3 (i.e., microprocessor 
134) using enable signal E.sub.3 =1. 

At Slock J, the third control module C.sub.3 polls (i.e., reads) the 
parameter R set by range selection circuit 115 and sets a range limit flag in 
the symbol decoding module 119. At Block K third control module C.sub.3 
activates the symbol decoding module 119 using enable signal E.sub.4, resets 
and restarts timer T.sub.2 permitting it to run for a second predetermined 
time period (e.g., 0<T.sub.2 <1 second), and resets and restarts timer 
T.sub.3 permitting it to run for a third predetermined time period (e.g., 
0<T.sub.3 <5 seconds). At Block L, the third control module checks to 
determine whether control activation signal A. sub. 3 =1 is received from the 
symbol decoding module 119 within T.sub.2 =1 second, indicative that a bar 
code symbol has been successfully read (i.e., scanned and decoded) within the 
allotted time period. If control activation signal A. sub. 3 =1 is not received 
within the time period T.sub.2 =1 second, then at Block M third control 
module C.sub.3 checks to determine whether control activating signal A. sub. 2 
=1 is received. If a bar code symbol is not detected, then the control system 
returns to Block A, causing a state transition from bar code reading to 
object detection. However, if at Block M the third control module C.sub.3 
receives control activation signal A. sub. 2 =^1, indicative that a bar code 
once again is within the scan field, then at Block N the third control module 
C.sub.3 checks to determine whether time period T.sub.3 has elapsed. If it 
has, then the control system returns to Block A. If, however, time period 
O.ltoreg. T.sub.3 .ltoreq.5 seconds has not elapsed, then at Block K the third 
control module C.sub.3 resets and restarts timer T.sub.2 to run once again 
for a time period 0 . Itoreq. T . sub. 2 .Itoreg.l second, while T.sub.3 continues 
to run. In essence, this provides the device at least another opportunity to 
read a bar code present within the scan field when the control system is at 
control Block L. During typical bar code reading applications, the control 
system may progress through the control loop defined by Blocks K-L-M-N-K 
several times before a bar code symbol in the scan field is read within the 
time period allotted by timer T.sub.3. 

Upon receiving control activation signal A. sub. 3 =1 from symbol decoding 
module 119, indicative that a bar code symbol has been successfully read, the 
control system proceeds to Block 0 in FIG. 13B. At this stage of the system 
control process, the third control module C.sub.3 continues activation of 
laser scanning circuit 108, photoreceiving circuit 109, and A/D conversion 
circuit 110, while deactivating symbol decoding module 119 and commencing 
activation of data packet synthesis module 120. While the laser beam is 
continuously scanned across the scan field, the operations at Blocks P to V 
described below, are carried out in a high speed manner under the 
orchestration of control module C. sub . 3 , 
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As indicated at Block data packet synthesis module 120 first sets the 
Packet Number to "1", and increments the Packet Group Number from the 
previous number. Preferably, the data packet synthesis module keeps track of 
(i.e./ manages) the "Packet Number" using a first modulo-N counter realized 
by programmable microprocessor 134 , while it manages the "Packet Group 
Number" using a second modulo-M counter also realized by programmed 
microprocessor 134. In the illustrative embodiment, the first modulo counter 
has a cyclical count range of N=2 (i.e., 0,1,2,0,1,2, . . . whereas the 
second modulo counter has a cyclical count range of M=10 (i.e., 
0,1,2,3,4,5,6,7,8,9,0,1,2, , . . ) . At Block Q, the data packet synthesis 
module synthesizes or constructs a data packet having a packet format as 
shown in FIG. 9, i.e., consisting of symbol character data, a Transmitter 
Identification Number, a Packet Number, a Packet Group Number, check 
character, and Packet Start and End (i.e., framing) Characters. After the 
data packet has been formed and the digital data sequence constituting the 
same is buffered, the third control module C.sub.3 activates at Block R the 
data packet transmission circuit. Thereafter at Block S, the data packet 
synthesis module outputs the buffered digital data sequence (of the first 
synthesized data packet of the group) to the data packet transmission 
circuit, which uses the digital data sequence to modulate the frequency of 
the carrier signal as it is being transmitted from the bar code symbol 
reading device, to its mated base unit, as described hereinabove, and then 
automatically deactivates itself to conserve power. 

At Block T, the third control module C.sub.3 determines whether the Packet 
Number counted by the first module counter is less than "3". If the Packet 
Number of the recently transmitted data packet is less than "3", indicative 
that at most only two data packets in a specific group have been transmitted, 
then at Block U the data packet synthesis module 120 increments the Packet 
Number by +1. At Block V, the third control module then waits for a time 
delay T.sub.5 to lapse prior to the control system returning to Block Q, as 
shown in FIG. 13B. Notably, the occurrence of time delay T.sub.5 causes a 
delay in transmission of the next data packet in the data packet group. As 
illustrated in FIG. 12, the duration of time delay T.sub.5 is a function of 
the (last two digits of the) Transmitter Number of the current data packet 
group, and thus is a function of the bar code symbol reading device 
transmitting symbol character data to its mated base unit. For the case of 
three data packet groups, time delay T5 will occur between the transmission 
of the first and second data packets in a packet group and between the 
transmission of the second and third data packets in the same packet group. 

Returning to Block Q, the data packet synthesis module synthesizes or 
constructs the second data packet in the same data packet group. After the 
second data packet has been formed and the digital data sequence constituting 
the same is buffered, the third control module C.sub.3 reactivates at Block R 
the data packet transmission circuit. Thereafter at Block S, the data packet 
synthesis module outputs the buffered digital data sequence (of the second 
synthesized data packet) to the data packet transmission circuit, which uses 
the digital data sequence to modulate the frequency of the carrier signal as 
it is being transmitted from the bar code symbol reading device, to its mated 
base unit, and thereafter automatically deactivates itself. When at Block T 
third control module C.sub.3 determines that the Packet Number is equal to 
"3", the control system advances to Block W in FIG. 13C. 



At Block W in FIG. 13C, the third control module C.sub.3 continues activation 
of laser scanning circuit 108 photoreceiving circuit 109, and A/D conversion 
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circuit 110 using control override signals C.sub.3 /C.sub.l, and deactivates 
symbol decoding module 119, data packet synthesis module 120 and the data 
packet transmission circuit 121 using disable signals £.sub.4 =0, E.sub.5 -0 
and E.sub.6 =0, respectively. Then at Block X the third control module 
C.sub.3 determines whether control activation signal A.sub.l =1, indicating 
that an object is present in the selected range of the scan field. If this 
control activation signal is not provided to the third control module 
C.sub.S, then the control system returns to Block A, as shown. If control 
activation signal A.sub.l =1 is received, then at Block Y the third control 
module C.sub.3 reactivates the bar code symbol detection circuit using 
override signal C.sub.3 /C.sub-2, and resets and restarts timer T.sub.3 to 
start running over its predetermined time period, i.e., 0<T.sub.3 <5 seconds, 
and resets and restart timer T,sub.4 for a predetermined time period 
0<T.sub.4 <3 seconds. 

At Block Z in FIG. 13C, the third control module C.sub.3 then determines 
whether control activation signal A. sub. 2 =1 is produced from the bar code 
symbol detection circuit 111 within time period T.sub.4, indicating that a 
bar code symbol is present in the selected range of the scan field during 
this time period. If this signal is not produced within time period T.sub.4, 
then at Block AA the third control module C.sub.3 deactivates the bar code 
symbol detection circuit using override signal C.sub.3 /C.sub.2, and 
reactivates the bar code symbol decoding module 119 using enable signal 
E.sub.4 =1. At Block BB, the third control module C.sub.3 resets and restarts 
timer T.sub.2 to run over its predetermined time period, i.e., 0<T.sub.2 <1 
second. At Block CC the third control module C.sub.3 determines whether 
control activation signal A. sub. 3 =1 is produced by the symbol decoding 
module within time period T.sub.2, indicating that the detected bar code 
symbol has been successfully decoded within this time period. If this control 
activation signal is not produced within time period T.sub.2, then at Block 
DP the third control module C.sub.3 determines whether control activation 
signal A. sub. 2 =1 is being produced from the bar code symbol detection 
circuit, indicating that either the same or another bar code symbol resides 
within the selected range of the scan field If control activation signal 
A. sub. 2 =1 is not being produced, then the control system returns to Block A, 
as shown. However, if this control signal is being produced, then at Block EE 
the third control module C.sub.3 determines whether or not timer T.sub.3 has 
lapsed, indicating that time window to read a bar code symbol without 
redetecting the object on which it is disposed, is closed. When this 
condition exists, the control system returns to Block A in FIG. 13A. However, 
it time remains on timer T.sub.3, then at Block BB the third control module 
C.sub.3 resets and restarts timer T.sub.2 and returns to Block CC. As 
mentioned above, the control system may flow through the control loop defined 
by Blocks BB-CC-DD-EE-BB a number of times prior to reading a bar code within 
time period T.sub.3. 

When the symbol decoding module produces control activation signal A. sub. 3 =1 
within time period T.sub.2, the third control module C.sub.3 determines at 
Block FF whether the decoded bar code symbol is different from the previously 
decoded bar code symbol. If the decoded bar code symbol is different than the 
previously decoded bar code symbol, then the control system returns to Block 
0 in FIG. 13B. If the currently decoded bar code symbol is not different than 
the previously decoded bar code symbol, then the third control module C.sub.3 
determines whether timer T.sub.3 has lapsed. If the timer T.sub.3 has not 
lapsed, then the control system returns to Block BB and reenters the control 
flow defined at Blocks BB through GG, attempting once again to detect and 
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read a bar code symbol on the detected object. However, if at Block GG timer 
T.sub.3 has lapsed, then the control system returns to Block A in FIG, 13A. 

Having described the operation of the illustrative embodiment of the 
automatic hand-supportable bar code reading device of the present invention, 
it will be helpful to describe at this juncture the various conditions which 
cause state transitions to occur during its operation. In this regard, 
reference is made to FIG. 14 which provides a state transition diagram for 
the illustrative embodiment. 

99 pan bo DGQuroly olaopod within ocmiophorioQl rcoGOoco 102 and 105 at any 
dcaircd orientation by pimply tightening adjuatmcnt oorQw 107 v ^ ith OGvcral 
turno of knob 100. A s illustrated in FIG. 1 8 A/ mounting plate 100 io fixedly 
ee nnoQtod to baao plato 70 by bolto l4, the automatic hand-supportable bar 
code reading device of the present invention has four basic states of 
operation namely: object detection, bar code symbol presence detection, bar 
code symbol reading, and symbol character data llOA through HOP throadcd 
through holco lllA through HID and 8 4A through S ID; roopcQtivcly . 

transmission/storage « The nature of each of these states has been described 
above in great detail. 

Transitions between the various states are indicated by directional arrows. 
Besides each set of directional arrows are transition conditions expressed in 
terms of control activation signals (e.g., A.sub.l, A.sub.2S or A.sub.2L and 
A. sub. 3, and where appropriate, state time intervals (e.g., T.sub.l, T.sub.2, 
T.sub.3, T.sub.4, and T.sub.5). Conveniently, the state diagram of FIG. 14 
expresses most simply the four basic operations occurring during the control 
flow within the system control program of FIGS. 13A to 13C. Significantly, 
the control activation signals A.sub.l, A.sub.2S A.sub.2L and A. sub. 3 in FIG. 
14 indicate which events within the object detection and/or scan fields can 
operate to effect a state transition within the allotted time frame (s), where 
prescribed. 

Referring now to FIGS. 15 to 150, the base unit of the first illustrative 
embodiment of the present invention will be described. As shown, base unit 3 
is realized in the form of a scanner stand comprising support frame 240 
releasibly connected to a base support/mounting plate 241 by way of a snap 
fit fastening mechanism illustrated in FIGS. 15B and 15C. In the illustrative 
embodiment, support frame 240 is formed as an injection molded shell, in 
which a handle portion support structure is realized by a first support 
re.ces5 243; whereas a head portion support structure is realized by a second 
support recess 245. As shown in FIG. 15, first support recess 243 is disposed 
above base portion 245 and inclined at a first acute angle B.sub.l with 
respect thereto, while second support recess 24 5 is disposed above base 
portion 245 and inclined at a second acute angle B.sub.2 with respect 
thereto. 

As best shown in FIG. 15, first support recess 243 is formed by a first 
substantially planar support surface 246 surrounded by the projection of 
opposing side walls 24 7A and 24 7B and rear wall 247C, extending above planar 
support surface 246 in a perpendicular fashion. The function of first support 
recess 243 is to receive and support the handle portion of handsupportable 
bar code reading device. Similarly, second support recess 245 is formed by a 
second substantially planar support surface 248 surrounded by the projection 
of opposing side walls 249A and 249B and front wall surface 249C extending 
above planar support surface 248 in a perpendicular fashion. 
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The function of support recess 24 5 is to receive and support the head portion 
of hand-supportable bar code reading device 2. Front wall projection 249C is 
slightly lower than side wall projections 249A and 249B to ensure that the 
transmitted IR signal from IR LED 148 is freely transmitted through an 
aperture stop 250 formed in the head portion of the housing, whereas the 
reflected IR signal passes through an aperture stop 251 and is detected by IR 
photod iode 150 in the head portion of the hand-supportable housing. At the 
same time, this structural feature of the scanner support stand ensures that 
visible laser light is projected and collected through light transmissive 
window 11 without obstruction, i.e., when the automatic bar code reading 
device is operated in its automatic hands-free mode, shown in FIG. 28, in 
particular. 

In order to ensure that bar code reading device 2 is securely, yet releasably 
support ed within support recesses 243 and 245 and not easily knocked out of 
the sca nner support stand during the hands-free mode of operation, first and 
second magnetic elements 255 and 256 are permanently mounted to the underside 
of plan ar support surfaces 24 6 and 248, respectively, as illustrated in FIG. 
15C, With this arrangement, magnetic flux of constant intensity continuously 
emanates from supp ort recesses 243 and 245. As a result, when the handle and 
head po rtions of the bar code reading device are placed within support 
recesses 24 3 and 245, a ferrous element 257 in handle portion 9B is 
magneti cally attracted to magnetic element 255, while ferrous element 258 on 
head po rtion 9A is magnetically attracted to magnetic element 256. The 
magneti c force of attraction between these elements is selected so that a 
desired degree of force is reguired to lift the automatic bar code reading 
device out of scanner support stand, while preventing accidental displacement 
of the device from the scanner support stand during use in the hands-free 
mode of operation. 

As illus trated in FIGS. 15B and 15C, base mounting plate 241 is formed as a 
thin pl anar structure having perimetrical dimensions substantially egual to 
the per imetrical dimensions of the base portion of support frame 240. At the 
front and rear end portions of base plate 241, a pair of projections 259 and 
260 ext end perpendicularly, as shown. These projections have horizontal 
flanges which are adapted to snap fit into horizontal grooves formed on the 
interior surfaces of front and rear walls 261 and 262, as s hown in FIGS. ISA 
to 15C. ~ " ~ 

To faci litate mounting of base plate 241 on a vertical planar mounting 
surface, a pair of spaced apart mounting holes 263A and 2638 are provided. To 
facilitate attachment of base plate 241 to a pivotal joint assembly 265 
associat ed with pedestal base 266, as illustrated in FIGS. 28 to 298, a set 
of mounting holes (not shown) are formed in the base plate itself. To 
facilita te support of base plate 241 upon a horizontal support surface, as 
illustrat ed in FIGS. 27A TO 21D, a set of four rubber feet (not shown) may be 
adhesively applied to the underside corners of the base plate. 

In order to perform the data packet reception, processing, retransmission. 
and ackn owledgement functions of base unit 3 described above, a circuit board 
270 pop ulated with electronic circuitry is concealed within the interior 
volume contained between the interior surface of support stand portion 245 
and the u pper surface of base plate 241. In the illustrated embodiment, PC 
board 27 0 contains electronic circuitry for realizing each of the functions 
represented by th e block shown in the system diagram of FIG. 16. As shown in 
FIG. 15A, flexible communication and power supply cables 7 and 8 are routed 
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through aperture 271 formed in the lower portion of rear wall of the support 
frame, as shown in FIG. 15C, and connect to the electronic circuitry on PC 
board 270. 

In FIG. 16, the system architecture of base unit 3 is schematically 
represented. As shown, base unit 3 comprises a number hardware and software 
components, namely: a power supply circuit 273; a receiving antenna element 
274; an RF carrier signal receiver circuit 275 base unit identification 
number storage unit 276; a data packet storage buffer 277; a base unit system 
controller 278; a data packet frame check module 279; a transmitter number 
identification module 280; a data packet number identification module 281; a 
symbol character data extraction module 282; a data format conversion module 
283; a serial data transmission circuit 284; and an acoustical 
acknowledgement signal generation circuit 285. In the illustrative 
embodiment, a programmed microprocessor and associated memory (i.e., ROM and 
RAM), indicated by reference numeral 286, are used to realize the base unit 
system controller 278 and each of the above-described data processing modules 
277 to 283. The details of such a programming implementation are known by 
those with ordinary skill in the art to which the present invention pertains. 

As shown in FIG. 16, receiving antenna element 274 is electrically coupled to 
an input signal port of radio receiver circuit 275 in a conventional manner. 
In general, the function of radio receiver circuit 275 is to receive and 
process the data-packet modulated carrier signal transmitted from a remote 
bar code symbol reader to its mated base unit. The radio receiver circuit of 
the illustrative embodiment can be realized by configuring several 
commercially available IC chips together, although it is understood that 
there are certainly other ways in which to realize the basic functions of 
this circuit. As shown in FIG. 16A, receiving antenna 274 is connected to a 
matching filter circuit 287 realized using miniature inductive and capacitive 
components. The matching filter circuit is tuned to pass a 912 MHz RF carrier 
signal transmitted from the data packet transmission circuit 121 of the bar 
code symbol reading device. The output of matching filter circuit 287 is 
connected to the input of a first IC chip 288 which converts (i.e., 
translates) the freguency spectrum of the received modulated carrier signal 
down to an intermediate freguency band, for subseguent signal processing. In 
the illustrative embodiment, the first IC chip 288 is realized using the 
MAF2001 IC chip from Motorola, Inc., and provides a low noise amplifier 289, 
an double balanced mixer 290. A local oscillator 292 is needed to provide a 
local oscillator signal of about 922.7 MHZ for use in frequency down- 
conversion in the double balanced mixer 290. Typically, a matching filter 291 
is comm only required between local oscillator 292 and mixer 290. As shown in 
FIG. 16A, the output of the first IC chip is provided to a band-pass filter 
293 tuned to about 10.7 MHZ, the intermediate frequency band of each base 
unit. The intermediate signal is then provided as input to a second IC chip 
294. In the illustrative embodiment, the second IC chip 294 is realized using 
the MC13156 IC chip commercially available from Motorola, and provides inter 
alia an amplification circuit, a guadrature demodulation circuit 295, a 
binary thresholding circuit 296, and carrier signal detection circuit 297. 
The function of the second IC chip is four-fold. The first function of the 
second IC chip is to filter and amplify the intermediate signal to produce 
in-phase and quadrature phase signal components for use in digital data 
recover y. The second function of the second IC chip is to recover an analog 
data signal at the base band portion of the spectrum, by providing the in- 
phase a nd quadrature-phase signal components to the guadrature demodulation 
circuit 295. Suitable quadrature demodulation circuitry for use in practicing 
the present invention is disclosed in U.S. Pat. No. 4,979,230 to Marz, which 
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is incorporated herein by reference in its entirety. As illustrated in FIG. 
16A, the third function of the second IC chip is to convert the analog data 
signal produce d from quadrature demodulation circuit 2 95 into a digital data 
signal using a binary-level thresholding circuit 296. The fourth function of 
the second IC c hip is to analyze the incoming signal from the output of band- 
pass filter 293 in order to detect the incoming carrier signal and produce a 
carrier detect signal A. sub. 7 to the base unit system controller 278. In 
order to produc e a CMOS compatible signal, the recovered digital data signal 
produced from s econd IC chip 294 is amplified by a current amplification 
circuit 298 th at is operative whenever a carrier signal is detected (i.e., 
A. sub. 7== 1). As shown in FIG. 16, the output of current amplification circuit 
298 is a seria l data stream that is clocked into data packet storage buffer 
277 under the control of base unit system controller 278, In general, the 
data packet sto rage buffer 277 can be realized using a commercially available 
Universal Asynchronous Receiver/Transmitter (UART) device. The primary 
function of dat a packet buffer memory 277 is to buffer bytes of digital data 
in the produced digital data stream. 

In the illustrative embodiment, it necessary to provide a means within the 
base unit housin g, to recharge the batteries contained within the hand- 
supportable housing of the portable bar code symbol reading device. 
Typical ly, DC electrical power will be available from the host computer 
system 6, to which the base unit is operably connected by way of flexible 
cables 7 and 8. An electrical arrangement for achieving this function is set 
forth in FIG. 1 6. As shown, power supply circuit 273 aboard the base unit of 
the pr esent invention comprises a conventional current chopper circuit 299, a 
high-pas s electrical filter 300 in parallel therewith, and a primary 
inductive coil 301 in parallel with the high-pass electrical filter. Low 
voltage DC elect rical power provided from the host computer system by way of 
power cable 8 is provided to direct current (DC) chopper circuit 299, which 
is realized on P C board 270 using high-speed current switching circuits. The 
function of curr ent chopper circuit 299 is to convert the input DC voltage to 
the circuit into a high-f reguency triangular-type (time-varying) waveform, 
consist ing of various harmonic signal components. The function of the high- 
pass electrical filter is to filter out the lower frequency signal components 
and only pass the higher freguency signal components to the inductive coil 
301. As such, the high freguency electrical currents permitted to flow 
through inductive coil 301 induce a high voltage thereacross and produce 
time-va rying magnetic flux (i.e., lines of force). In accordance with well 
known principles of electrical energy transfer, the produced magnetic flux 
transfers electr ical power from the base unit to the rechargeable battery 
aboard the bar c ode symbol reading device, whenever the primary and secondary 
inductive coils aboard the base unit and the mated device are 
electromagneticall y coupled by the magnetic flux. In order to maximize energy 
. transfe r between the base unit and its mated device during battery recharging 
operations, high permeability materials and well known principles of magnetic 
circuit design can be used to increase the amount of magnetic flux coupling 
the pri mary and secondary inductive coils of the battery recharging circuit. 

Referring to FIG. 16, the function of each of the data processing modules of 
base unit 3 will now be described in detail. ' 

Upon re ception of an incoming carrier signal and the recovery of the digital 
data stream therefrom, base unit system controller 278 orchestrates the 
processi ng of the recovered digital data stream. As shown in FIG. 16, the 
operation of data p rocessing modules 279, 280, 281, 282 and 283 are enabled 
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by the production of enable signals E.sub.PFC, E. sub. TIP, E.sub.DPID, 
E.sub.DE, and E . sub. DEC, respectively, from the base unit system controller. 

The primary fun ction of data packet frame check module 27 9 is to analyze all 
of the data byte s in the received data packet, including the Start and End of 
Packet Fields, and determine whether a complete frame (i.e., packet) of 
digital data b ytes has been recovered from the incoming modulated carrier 
signal. If so, then data packet frame check module 279 produces activation 
control signal A.sub.PFC =1, which is provided to the base unit system 
controller, as shown in FIG. 16. 

The primary fu nction of the transmitter number identification module 280 is 
to analyze the data bytes in the Transmitter ID Field of the received data 
packet and determine the Transmitter ID Number preassigned to the bar code 
reading device that transmitted the data packet received by the base unit. If 
the Transmitter I D Number of the received data packet matches the preassigned 
Base U nit Identification No. stored in non-volatile memory (i.e., EPRQM) 302 
aboard the base unit, then the transmitter number identification module 
genera tes control activation signal A. sub. TIP =1 which is provided to the 
base unit system controller. 

The pr imary function of the packet number identification module 281 is to 
analyze the data bytes in the Packet Number Field of the received data packet 
and determine t he Packet Number of the data packet received by the base unit. 
This mo dule then advises the base unit system controller that a different 
packet number was received, representing a new group (e.g., now seen) by 
produci ng an encoded signal A.sub.DPID during the system control process. 

The primary function of the symbol character data extraction module 282 is to 
analyze the data bytes in the Symbol Character Pata Field of the received 
data packet, det ermine the code represented by the symbol character data, and 
provided this sy mbol character data to the data format conversion module 28 3 
under t he control of the base unit system controller during the system 
control process. 

The primary func tion of the data format conversion module 283 is to convert 
the format of the recovered symbol character data, into a data format that 
can be used by th e host computer symbol 6 that is to ultimately receive and 
use the symbol character data. In the bar code symbol reading system of first 
illustr ative embodiment, the data format conversion is from ASCII format to 
RS232 format, al though it is understood that other conversions may occur in 
alternative embo diment of the present invention. Typically, the data format 
conversion proce ss is carried out using a data format conversion table which 
contains the appropriate data structure conversions. 

The pri mary function of the serial data transmission circuit 284 is to accept 
the format-conver ted symbol character data from the data format conversion 
module 283, and transmit the same as a serial data stream over data 
communication cable 7, to the data input port of the host computer system 6 
(e.g., cash register, data collection device, inventory computer). 
Prefera bly, an RS-232 data communication protocol is used to facilitate the 
data tra nsfer process. Thus the construction of serial data transmission 
circuit 284 is conventional and the details thereof are well within the 
knowledge of those with ordinary skill in the art. 

The prim ary function of acoustical acknowledgement signal generation circuit 
285 is to produce an acoustical acknowledgement signal SA in response to the 
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success ful recovery of symbol character data from a transmitted data packet. 
The purpose of the acoustical acknowledgement signal is to notify the user 
that the transmitted data packet has been successfully received by its mated 
base unit. In the illustrative embodiment, the intensity of the acoustical 
acknowledgement signal is such that the remotely situated user of the 
portable bar code symbol reader can easily hear the acoustical 
acknowledgement signal in an expected work environment having an average 
noise floor of at least about 50 decibels. Preferably, the pitch of the 
acoustical acknowledgement signal is within the range of about 1 to about 10 
kilohertz, in o rder to exploit the sensitivity characteristics of the human 
auditory appara tus of the user. In the exemplary embodiment, the pitch is 
about 2.5 kilohertz. Under such conditions, the intensity of such an 
acoustical acknowledgement signal at its point of generation will typically 
need to have an output signal power of about 70 decibels in order to be heard 
by the user in a working environment having an average noise floor of about 
50 decibels and an average noise ceiling of about 100 decibels. Acoustical 
acknowledgement signals of such character can be produced from acoustical 
acknowledgement signal generation circuit 285, shown in FIG. 285. 

As sho wn in FIG. 16B, acoustical acknowledgement signal generation circuit 
285 comprises a number of subcomponents, namely: a decoder circuit 305; a 
voltage controlled oscillator (VCO) driver circuit 306; a VCO circuit 307; an 
output amplifier circuit 308; and a piezo-electric type electro-acoustic 
transd ucer 303 having an output signal bandwidth in the audible range. The 
operation (i.e., duration) of the acoustical acknowledgment signal generation 
circuit 285 is controlled by base unit system controller 278 using enable 
signal E.sub.AA. In the illustrative embodiment, enable signal E.sub.AA is a 
digital word encoded to represent one of a number of possible audible pitches 
or tones that are to be generated upon each successful reception of a 
transmitted data packet at a mated base station. The function of decoder 
circuit 305 is to decode the enable signal EAA produced by the base unit 
system controller and produce a set of voltage signals {V.sub.l 1, V2, . . . 
, Vn} which correspond to a specified pitch seguence to be produced by 
electro -acoustic transducer 309. The function of VCO driver circuit 306 is to 
seguenti ally drive VCO circuit 307 with the produced set of voltages {V.sub.l 

■ - . / Vn) so that VCO circuit produces over a short time period 
(e.g., 0.5-1.5 seconds), a set of electrical signals having freguencies that 
correspo nd to the specified pitch seguence to be produced from the electro- 
acoustic transducer 309. The function of amplifier circuit 308 is to amplify 
these electrical signals, whereas the function of electro-acoustical 
transduc er 309 is to convert the amplified electrical signal set into the 
specifi ed pitch seguence for the user to clearly hear in the expected 
operating environment. As shown in FIGS. 1 and ISA, the base housing is 
prefera bly provided with an aperture or sound port 304 so as to permit the 
energy of the acoustical signal from transducer 309 to freely emanate to the 
ambient environment of the user. In particular application, it may be desired 
or nece ssary to produce acoustical acknowledgement signal of yet greater 
intensity levels that those specified above. In such instances, electro- 
acoustic al transducer 309 may be used to excite one or more tuned resonant 
chamber (s) mounted within or formed as part of the base unit housing. 

Having described the structure and general functional components of base unit 
3, it i s appropriate at this juncture to now describe the overall operation 
thereof with reference to the control process shown in FIG. 17. 

As illus trated at Block A in FIG. 17, radio receiving circuit 275 is the only 
system component that is normally active at this stage of the base unit 
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system control process. All other system components are inactive (i.e.. 
disabled), including base unit system controller 278; data packet storage 
buffer 277, data packet frame check module 279, transmitter number 
identification module 280, data packet number Identification module 281, 
symbol character data extraction module 282, data format conversion module 
283, serial dat a transmission circuit 284, and acoustical acknowledgement 
signal generation circuit 285. With the radio receiving circuit activated, 
the base unit is capable of receiving any modulated carrier signal 
trans mitted from any of the bar code symbol reading devices within the data 
transmission range of the base unit. 

At Block B in F IG. 17, radio receiving circuit 275 determines whether it has 
received a tran smitted carrier signal on its receiving antenna element 274. 
If it has, then the radio receiving circuit generates a system controller 
activa tion signal A. sub. 7, which activates base unit system controller 278 
and sig nal amplifier 276 shown in FIG. 16 and 16a, respectively. Then at 
Block C, the base unit system controller activates (i.e., enables) data 
packet storage buffer 277 and data packet frame check module 27 9 by producing 
activat ion control signals ESB^^l and E.sub.PFC =1, respectively. At Block D. 
the base unit system controller determines whether it has received an 
acknowledgement (i.e., control activation signal A.sub.PFC =1) from the data 
packet frame check module, indicating that the received data packet is 
properly framed. If the received data packet is not properly framed, then the 
base unit return s to Block A in order to redetect an incoming carrier signal. 
However, if the received data packet is properly framed, then at Block E the 
base un it system controller enables the transmitter number identification 
module by generating enable signal E.sub.TID= 1. 

At Blo ck F, the base unit system controller determines whether it has 
received an acknowledgment (i.e., control activation signal A. sub. TIP =1) 
from the transmitter number identification module that the received data 
packet contains t he correct transmitter identification number (i.e., the same 
number assigned to the base unit and stored in storage unit 276) . If the 
Transmitter Ide ntification Number contained within the received data packet 
does no t match the base unit identification number stored in storage unit 
276, then the base unit system controller returns to Block A whereupon it 
resumes carrier si gnal detection. If, however, the transmitter packet number 
contain ed within the received data packet matches the base unit 
identifi cation number, then at Block G the base unit system controller 
enables the data packet number identification module 289 by ge nerating enable 
signal E.sub.DPID =1. ' ^ 

At Bloc k H, the base unit system controller determines whether it has 
receive d an acknowledgment (i.e., control activation signal A.sub.DPID =1) 
from the data pa cket identification module indicating that the received data 
packet is not a re dundant data packet (i.e., from the same transmitted data 
packet group). If the received data packet is a redundant data packet, then 
the base unit sy stem controller returns to Block A, whereupon carrier signal 
detection is resumed. If, however, the received data packet is not redundant, 
then at Block I t he base unit system controller enables the symbol character 
data ext raction module by generating enable signal E.sub.DE =1. In response 
to the generation of this enable signal, the symbol data extraction module 
reads at Block J the symbol character data contained in the received data 
packet, checks the data for statistical reliability, and the writes the 
extracted symbol character data bytes into a storage buffer (not explicitly 
shown) . ^ 
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As indicated at Block K in FIG. 17, the base unit system controller then 
enables the data format conversion module by generating enable signal 
E.sub.DFC =1. In response to this enable signal, the data format conversion 
module converts the data format of the recovered symbol character data and 
then buffers the format-converted symbol character data bytes in a data 
buffer (not explicitly shown) > At Block L the base unit system controller 
enables the serial data transmission circuit 284 by generating enable signal 
E.sub.DT =1. In response to this enable signal, the serial data transmission 
circuit transmits the format-converted symbol character data bytes over 
communication cable 7 using serial data transmission techniques well known in 
the art/ as discussed above. When the serial data transmission process is 
successfully completed, the base unit system controller enables at Block M 
the acoustical acknowledgement signal generation circuit 285 by producing 
enable signal E.sub.AA =1. In response to the production of this enable 
signal, acoustical acknowledgment signal generation circuit 285 generates a 
high intensity acoustical signal having characteristics of the type described 
above, thereby informing the user that a transmitted data packet has been 
received and that the symbol character data packaged therein has been 
successfully recovered and transmitted to the host computer system. 
Thereafter, the base unit system controller returns to the Block A, as shown. 

The second illustrative embodiment of the base unit shown in FIGS. 4 to 4B 
will now be described in greater detail with reference to FIGS. 18A to 20D. 
In general, the base unit of the second illustrative embodiment is similar to 
the base unit of the first illustrative embodiment described above, except 
for the following differences described below which reflect additional 
functionalities provided by the data collection aspect of the portable base 
unit . 

As illustrated in FIGS. 18A to 18C, data collection base unit 37 comprises a 
hand-holdable housing 320 which houses the operative elements of the device 
to be described below. Housing 320 has a top panel 320A, bottom panel 320B, 
front and rear panels 320C and 320D, and two opposing side panels 320E and 
320F, as shown. A 4. times. 4 membrane keypad 321 is mounted through the lower 
portions of top panel 320E for manual entry of alphanumeric type data 
including, for example, data related to bar code symbols. Notably, a separate 
switch is provided for turning the device ON and OFF. Above the keypad, there 
is mounted an LCD type 1. times. 16 character display 322 for visually 
displaying data including (i) data being manually entered through keypad 321, 
(ii) operator messages and (iii) data entry verification messages which will 
be described in greater detail hereinafter. 

Through front panel 320C adjacent character display 322, a data-output 
communication port 323 is provided. In the illustrative embodiment, data- 
output communication port 323 includes a 9-pin male connector 324, to which 
one end of communication cable 7 is 4^ — tho proitimal end of oupport poot 103 
io f ixcdly connected, while the other end thereof is connected to the data- 
input port of a host computer system, such as point of sale (POS) cash 
register/computer 6. As will be described in greater detail hereinafter, 
data-output communication port 323 is particularly adapted for transmitting 
collected symbol character data stored in base unit 37, over communication 
cable 7 and through the data-input communication port of host computer 
system. 

As shown in FIG. ISA, a pair of D-rings 325A and 325B are rotatably mounted 
to the rear end of the housing for conveniently supporting the data 
collection base unit on the operator's body while, for example, taking 
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inventory. In this way, a cord^ shoulder strap or belt strap can be attached 
to the D-rinqs. With this housing support arrangement, the user can simply 
pickup the hand-holdable data collection base unit in one hand and manually 
enter data through the keypad using one's thumb, while viewing the character 
display screen. 

While not visually shown in FIGS. 18A, 18B or 18C, data collection base unit 
37 includes a battery-power storage unit 326 realized, in the illustrative 
embodiment, as four AA type 1.5 volt batteries. These batteries are contained 
within a battery carrier attached to a hinged panel formed on the bottom 
panel 320B of the housing. Access to the battery carrier is achieved by 
simply opening the hinged panel, which after replacement of batteries, can be 
snapped shut. 

In FIG. 19, the system architecture of data collection base unit 37 is 
schematically represented. As shown, data collection base unit 37 comprises a 
number hardware and software components, namely: a power supply circuit 326; 
low battery detection circuit 327; power conversion circuit 328; a data entry 
means in the form of 4. times. 4 keyboard 321; LCD display 323; host detection 
circuit 329; power switch 330; 9 pin connector 324; a non-volatile data 
storage means (e.g., EPROM) 331; data storage memory (e.g., 32 Kilobyte RAM) 
332; power fail RAM protection circuit 333; storage capacitor 334; receiving 
antenna element 335; an RF carrier receiving circuit 336; a data packet 
storage buffer 338; a base unit system controller 339; a data packet frame 
check module 340; a transmitter number identification module 341; a packet 
group number identification module 342; a symbol character data extraction 
module 343; a data format conversion module 344; a serial data transmission 
circuit 345; and an acoustical acknowledgement signal generation circuit 346. 
In the illustrative embodiment, a programmed microprocessor and associated 
memory (i.e., ROM and RAM), indicated by reference numeral 347, are used to 
realize the base unit system controller 340 and each of the above-described 
data processing and storage modules 339 to 344. Notably, a base unit ID 
register for storing the unigue ID Number preassigned to the base unit, is 
realized using available memory in EPROM 331. The details of such a 
programming implementation are known by those with ordinary skill in the art 
to which the present invention pertains. System elements 335 to 346 in base 
unit 37 are structurally and functionally the same as system elements 274 to 
285 in base unit 3, and thus do not reguire further description or 
explanation. 

As shown in FIG. 19, data entry keypad 321 and character display 322 are each 
operably connected to base unit system controller 340, for entering and 
displaying data, respectively, as hereinbefore described. Data-output 
communication port 324 is connected to data transmission circuit 34 6, as 
shown. 

The function of power conversion circuit 328 is to up-convert the battery 
voltage to +5 V supply, 349, whereas the function of power switching 
circuitry 330 is to disable the receiver by removing its power, during the 
downloading of data to a host device. When battery detect circuit 327 detects 
low battery power levels, it sends the base unit system controller a low- 
battery-level detect signal to initiate an alarm to the user. 

The function of the host detect circuit 329 is to determine whether the data- 
output communication port of the base unit is physically (and electrically) 
connected to data-input communication port of host computer system. Thus, 
when host device detect circuit 329 detects a host device plugged into data- 
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output communication port 323, it will provide a host device detect signal 
A, sub. PL to the system controller which automatically activates the system 
controller to begin initializing for "downloading" of collected bar code 
symbol character data, from the data collection device into the host device. 
To permit the host device to supply power to the data collection device 
during data downloading operations, and thus conserve battery power, a power 
supply line 350 is provided between a pin of data-output communication 
connector 224 and the positive side of battery supply 326. To restrict power 
flow from the data collection device to the host device, a diode 351 is 
inserted in series along this power supply line 350, as shown. 

Symbol character data recovered by symbol character data extraction module 
343, is stored within RAM 332. To facilitate transfer of such data from 
module 342 to RAM storage unit 332, a data bus 352 is provided, as shown. 
Also associated with data bus 352 is EEPROM 331. The base unit system 
controller will typically store particular data items, such as set-up 
parameters and the like, in non-volatile RAM 331 as such data can be retained 
therein for the lifetime of the data collection base unit. 

RAM storage unit 332 is protected by power-fail/RAM-protect circuit 333 
which, as shown in FIG. 19, is operably associated with storage capacitor 334 
and the write line of RAM storage unit 353. RAM storage unit 332 is protected 
in two ways. Firstly, during power transitions, circuit 333 inhibits write 
signals to RAM storage unit 332, and conseguently stored symbol character 
data is protected from corruption. Secondly, during periods of battery power 
failure, circuit 333 enables storage capacitor 334 to provide power to ^rti&pe^^ 
portion of pcdootal baoo mcmbGr 9 8 A; by oorow 112, In RAM storage unit 332 for 
minimally one hour in order to maintain the integrity of stored symbol 
character data. 

oaanncr oupport otand atationary during bar oodc reading opcrationQ; pcdcotQl 
baoc mcmbor 

Having described the structure and function of data collection base unit 37, 
its versatile operation will now be described with reference to the system 
control program illustrated in FIGS. 20A to 20D. 

As indicated in FIG. 20A, upon enabling the POWER-ON switch, the (base unit) 
system controller advances to Block A. At Block A, the system controller 
checks to determine whether the output of host detect circuit 329 indicates 
that a host device is plugged into data-output communication port 324. If it 
detect this condition, then at Block B the system controller enables power 
switching circuit 330 and uses the same to disconnect the power supply from 
the RF signal receiving circuit. Then at Block C, the system controller 
checks to determine whether there is any data stored in RAM storage unit 332 
for downloading to the connected host device. If there is no data stored in 
RAM storage unit 332, then the system controller proceeds to Block D, and 
writes "MEMORY EMPTY" to character display 322. Thereafter, the system 
controller remains at Block E until it receives host detect signal A. sub. PL 
=0 indicative that the host device is no longer plugged into data-output 
communications port 324. Upon the occurrence of this event, the system 
controller returns to Block A, as shown. 

If, at Block C, the system controller determines that there is data stored in 
RAM storage unit 332 for downloading into the host device, then at Block F 
the system controller writes "TO COM HIT ENTER" to character display 322. At 
Block G, the system controller polls the keypad for the occurrence of a key 
press operation, and at Block H determines whether the ENTER key has been 
pressed. If any key other than the ENTER is pressed, then the system 
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controller returns to control Block A. If the ENTER key is pressed, the 
system controller proceeds to Block I and writes the message "TRANSMITTING" 
to character display 322. Then at Blocks J through M, data in RAM storage 
unit 332 is downloaded to the host device connected to data-output 
communication port 324. 

Specifically, at Block J in FIG. 20B, the base unit system controller enables 
data format conversion module 34 4 by generating enable signal E.sub.DFC =1. 
In response to this enable signal, the data format conversion module converts 
the data format of the recovered symbol character data and then buffers the 
format-converted symbol character data bytes in data buffer 332. Then at 
Block K the base unit system controller enables the serial data transmission 
circuit 345 by generating enable signal E.sub.DT =1. In response to this 
enable signal, the serial data transmission circuit transmits the format- 
converted symbol character data bytes over communication cable 7 using serial 
data transmission technigues well known in the art, as discussed above. At 
Block L, the system checks to determine if all data in RAM storage unit 332 
has been transmitted, and if so, writes the message "MEMORY EMPTY" or 
"DOWNLOAD COMPLETE" to character display 322, as indicated at Block D in FIG. 
20C. Thereafter, the system controller remains at Block E until the host 
device is disconnected from data-output communication port 324, and thereupon 
returns to Block A. 

However, if it is determined at Block L in FIG. 20D that data transfer from 
RAM storage unit 332 is not complete, then as indicated at Block M the system 
controller checks to determine whether the host device is still connected to 
data-output communication port 324 (i.e., A. sub. PL =1). If host device has 
been disconnected (i.e., A.sub.DL =0), then the system controller returns to 
Block A, as shown. If, on the other hand, the host device remains connected 
to data-output communications port 324, the system controller returns to 
Block J to form a control loop within which the system controller will remain 
so long as there remains data in RAM storage unit 332 and the host device 
remains connected to data-output communication port 324. 

As indicated at Block A in FIG. 2QA, if the system controller does not 
receive host detect signal A.sub.DL =1 from host detect circuit 329, 
indicative that a host device is not plugged into the data-output 
communication port, then the system controller proceeds to Block N. At Block 
N, the system controller first checks the output of low battery circuit 327 
to determine that sufficient power is available. If insufficient battery 
strength is indicated, then at Block O the system controller disconnects 
battery power supply 326 from data-output communication port 324 by way of 
power switching circuit 320. Thereafter at Block P in FIG. 20A, the system 
controller writes "LOW BATTERIES" to character display 322. The system 
controller remains at Block Q until it receives host detect signal A.sub.DL 
=1, indicative that the host device is plugged into data-output communication 
port 324. If so, the system controller advances to Block C, as hereinbefore 
described. Notably, this choice of control flow is based on the fact that, 
during data downloading operations, power is supplied to the data collection 
base unit by the host device, and the battery level of the data collection 
device is of no conseguence during such operations. 

If a LOW battery level is not detected at Block N, then the system controller 
proceeds to Block R and polls both the receiver circuit and the keypad for 
entry of data. If the system controller determines that no data is being 
presented for collection, then the system controller returns to Block A, as 
shown. However, if one of these components has data fox collection, then at 
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Block S in FIG. 20B the system controller determines which one has data for 
entry. If the keypad has data for entry and collection, then the system 
controller proceeds to Block T in FIG. 20C. 

At Block T, the system controller uploads such data by first writing the data 
to character display 323, and then at Block U storing the data in RAM storage 
unit 332. Then, at Block V, the system controller determines whether RAM 
storage unit 332 is filled to capacity. If it is, then at Block W the system 
controller writes "MEMORY FULL" to character display 332. Thereafter, the 
system controller remains at Block X until it receives host detect signal 
A. sub. PL =1/ indicative that a host device is connected to data-output 
communications port 324 for downloading collected data thereto. When a host 
device is detected at the data-output communications port 324, the system 
controller proceeds to Block C for participating in downloading of a 
collection data, in a manner described above. If, at Block V, the system 
controller determines that RAM storage unit 332 is not full, then the system 
controller returns to Block A, as shown. 

If at Block S the RF receiver circuit has data for entry, then the system 
controller proceeds to Block Y in FIG. 20D. At this Block, the system 
controller enables data packet storage buffer 338 and data packet frame check 
module 340 by producing activation control signals E. sub. SB =1 and E.sub.PFC 
=1, respectively. At Block Z, the base unit system controller determines 
whether it has received an acknowledgement (i.e., control activation signal 
A.sub.PFC -1) from the data packet frame check module, indicating that the 
received data packet is properly framed. If the received data packet is not 
properly framed, then the base unit returns to Block R in order to redetect 
the incoming carrier signal. However, if the received data packet is properly 
framed, then at Block AA the base unit system controller enables the 
transmitter number identification module by generating enable signal 
E. sub. TIP =1. 

At Block BB in FIG. 20P, the base unit system controller determines whether 
it has received an acknowledgment (i.e., control activation signal A. sub. TIP 
^1) from the transmitter number identification module 341 that the received 
data packet contains the correct transmitter identification number (i.e., the 
same number assigned to the base unit) . If the Transmitter Identification 
Number contained within the received data packet does not match the Base Unit 
Identification Number preassigned to the base unit, then the base unit system 
controller returns to Block R whereupon it res\imes carrier signal detection. 
If, however, the Transmitter Identification Number contained in the received 
data packet matches the Base Unit Identification Number stored in EPROM 331, 
then at Block CC the base unit system controller enables the data packet 
group number identification module 342 by generating enable signal E.sub.PPIP 
= 1. 



At Block PP in FIG. 2QP, the base unit system controller determines whether 
it has received an acknowledgment (i.e., control activation signal A.sub.PPIP 
=1) from the data packet group identification module 342 indicating that the 
received data packet is not a redundant data packet (i.e., from the same 
transmitted data packet group) . This is achieved by analyzing the Packet 
Group Number of the previous and currently received data packets. If the 
received data packet is a redundant data packet, then the base unit system 
controller returns to Block R, whereupon carrier signal detection is resumed. 
If, however, the received data packet is determined not redundant at Block 
PP, then at Block EE the base unit system controller enables the symbol 
character data extraction module 343 by generating enable signal E.sub.PE ==1. 
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In response to the generation of this enable signal, symbol data extraction 
module 343 reads the bytes of symbol character data contained in the received 
data packet, checks the data for statistical reliability, and the writes the 
extracted symbol character data bytes into storage buffer 338. 

At Block FF in FIG. 20D, the base unit system controller enables at Block FF 
the acoustical acknowledgement signal generation circuit 34 6 by producing 
enable signal E.sub.AA =1. In response to the production of this enable 
signal, acoustical acknowledgment signal generation circuit 346 generates a 
high intensity acoustical signal having characteristics of the type described 
above, thereby informing the user that a transmitted data packet has been 
received and that the symbol character data packaged therein has been 
successfully recovered and transmitted to the host computer system. 
Thereafter, the base unit system controller proceeds to Block T in FIG. 20C, 
as shown. 

In the event that the operator desires to clear RAM storage unit 332 of 
collected data, the operator must enter a preset code word or alphanumeric 
code by way of keypad 321. This feature prevents accidental erasure of 
collected data. Also, the data collection device of the present invention 
automatically down-loads the stored data to the host computer system upon 
detection of the data-receive port. Rather than programming the data 
collection device for such data "downloading" transfers, data downloading 
routines are programmed into the host computer system. Preferably, these 
downloading routines are designed to accept downloaded symbols an d create an 
ASCII file. " 

The third illustrative embodiment of the base unit shown in FIGS. 5A to 5D 
will now be described in greater detail with reference to FIGS. 21 to 23. 

As shown in FIG. 21, base unit 360 is realized as a PCMCIA card 361, 
includ ing a PC board 362, which as a single device inserts into the PCMCIA 
(TYPE II or -III) port 363 of a portable or desk-top computer system 364. In 
general, the system architecture of base unit 360 is similar to base unit 3 
of the first illustrative embodiment described above. As shown in FIG. 22, 
base unit 360 comprises a number hardware and software components, namely: a 
power s upply circuit 373; a receiving antenna element 374; an RF carrier 
signal receiver circuit 375; a data packet storage buffer 377; a base unit 
system controller 378; a data packet frame check module 379; a transmitter 
number identification module 380; a data packet number identification module 
381; a symbol character data extraction module 382; a serial-data-to-PCMCIA- 
bus conversion module 383; a PCMCIA bus interface circuit 384; and an 
acoustical acknowledgement signal generation circuit 385. In the illustrative 
embodi ment, a programmed microprocessor and associated memory (i.e., ROM and 
RAM) mounted on PC board 362, indicated by reference numeral 386, are used to 
realize base unit system controller 378 and each of the above-described data 
processing modules 377 to 383 in a similar manner hereinbefore described. The 
detail s of such a programming implementation are known by those with ordinary 
skill in the art to which the present invention pertains. 

As shown in FIG. 22, the output of the symbol character data extraction 
module 382 is provided to the input of the serial-data-to-PCMCIA-bus- 
convers ion module 363. The function of this conversion module is to convert 
the format of the recovered symbol character data so that it may be placed on 
the PCMCIA bus of host computer 364, via PCMCIA bus interface circuit 384. 
The function of PCMCIA bus interface circuit 384 is to realize the interface 
between the PCMCIA bus aboard host computer 364 and the circuitry on PC board 



o 



o 



362 which realizes the structures and functions of the base unit. Electro- 
acoustical transducer 388, which forms part of the acoustical acknowledgment 
signal generation circuit 385, and RF receiving antenna 374, are both mounted 
on a selected portion of PC board 362 that extends from the PCMCIA port 363, 
as shown. In this way, the receiving antenna element is free to detect RF 
carrier signals, while the electro-acoustical transducer is free to transmit 
acoustical acknowledgment signals to the ambient environment for the user to 
hear. In all other respects, the base unit 360 is structurally and 
functionally similar to base unit 3 described above. 

The overall operation of the base unit of the third illustrative embodiment 
will be described below with reference to the control process shown in FIG. 
23. 

As illustrated at Block A in FIG. 23, radio receiving circuit 375 is the only 
system component that is normally active at this stage of the base unit 
system control process; all other system components are inactive (i.e., 
disabled) including base unit system controller 378; data packet storage 
buffer 377, data packet frame check module 379, transmitter number 
identification module 380, data packet number Identification module 381, 
symbol character data extraction module 382, serial-data-to-PCMCIA-bus- 
conversion module 383, PCMCIA bus interface circuit 384, and acoustical 
acknowledgement signal generation circuit 385. With the radio receiving 
circuit activated, base unit 360 is capable of receiving any modulated 
carrier signal transmitted from any of the bar code symbol reading devices 
within the data transmission range of the base unit. 

At Block B in FIG. 23, radio receiving circuit 375 determines whether it has 
received a transmitted carrier signal on its receiving antenna element 374. 
If it has, then the radio receiving circuit generates a system controller 
activation signal A, sub. 7, which activates base unit system controller 378 
shown in FIG. 21. Then at Block C, the base unit system controller activates 
(i.e., enables) data packet storage buffer 377 and data packet frame check 
module 379 by producing activation control signals E. sub. SB ==1 and E.sub.PFC 
=1, respectively. At Block D, the base unit system controller determines 
whether it has received an acknowledgement (i.e., control activation signal 
A.sub.PFC =1) from the data packet frame check module, indicating that the 
received data packet is properly framed. If the received data packet is not 
properly framed, then the base unit returns to Block A in order to redetect 
an incoming carrier signal. However, if the received data packet is properly 
framed, then at Block E the base unit system controller enables the 
transmitter number identification module by generating enable signal 
E. sub. TIP =1. 

At Block F in FIG. 23, the base unit system controller determines whether it 
has received an acknowledgment (i.e., control activation signal A. sub. TIP ^1) 
from the transmitter number identification module that the received data 
packet contains the correct transmitter identification number (i.e., the same 
number assigned to the base unit and stored in storage unit 376) . If the 
Transmitter Identification Number contained within the received data packet 
does not match the Base Unit Identification Number stored in storage unit 
376, then the base unit system controller returns to Block A whereupon it 
resumes carrier signal detection. If, however, the Transmitter Identification 
Number contained in the received data packet matches the Base Unit 
Identification Number, then at Block G the base unit system controller 
enables the data packet number identification module 389 by generating enable 
signal E.sub.PPIP =1. 
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At Block H in FIG. 23, the base unit system controller determines whether it 
has received an acknowledgment (i.e., control activation signal A.sub.DPID 
=1) from the data packet identification module indicating that the received 
data packet is not a redundant data packet (i.e., from the same transmitted 
data packet group) . If the received data packet is a redundant data packet, 
then the base unit system controller returns to Block A, whereupon carrier 
signal detection is resumed. If, however, the received data packet is not 
redundant, then at Block I the base unit system controller enables the symbol 
character data extraction module by generating enable signal E.sub.DE =1. In 
response to the generation of this enable signal, the symbol data extraction 
module reads at Block J the symbol character data contained in the received 
data packet, checks the data for statistical reliability, and the writes the 
extracted symbol character data bytes into a storage buffer (not explicitly 
shown) ■ Thereafter, as indicated at Block K, the base unit system controller 
enables serial-data-to-PCMCIA-bus conversion module 383 by generating enable 
signal E.sub.DFC =1. In response to this enable signal, the serial-data-to- 
PCMCIA-bus conversion module 383 converts the data format of the recovered 
symbol character data and then transfers the format-converted data to the 
PCMCIA bus of the host computer 364 by way of bus interface circuitry 384. 
When the serial data transmission process is successfully completed, the base 
unit system controller enables at Block L the acoustical acknowledgement 
signal generation circuit 385 by producing enable signal E.sub.AA =1. In 
response to the production of this enable signal, acoustical acknowledgment 
signal generation circuit 235 generates a high intensity acoustical signal 
having characteristics of the type described above, thereby informing the 
user that a transmitted data packet has been received and that the symbol 
character data packaged therein has been successfully recovered and 
transmitted to the host computer system. Thereafter, the base unit system 
controller returns to the Block A, as shown. 

The fourth illustrative embodiment of the base unit of FIGS. 6A to 6D will 
now be described in greater detail with reference to FIGS. 24A to 26. 

As shown in FIG. 24C, a base unit 61 is operably connected to a bar code 
symbol printing engine 62. As shown, base unit 61 is interfaced with host 
computer system (e.g., desk-top computer 64 by way of serial data 
communications cable 65. Power cable 65 is -»^ connected to a connector jack 
on PC board 68 and supplies electrical power to primary transformer 67 by way 
of a conventional current chopper circuit 412 realized on PC board 68, and 
wires 69 extending therebetween. As shown, PC board 68 is mounted on a base 
plate 400 having a pair of spaced apart projections 4Q1A and 401B disposed 
within the plane of the base plate. Base unit housing 73 is adapted to snap- 
fit onto base plate 400. A circular aperture 404 is provided in the top panel 
of housing 73 to permit the energy of acoustical acknowledgment signals 
emanate from the electroacoustical transducer mounted on PC board 68. 



As shown in FIG. 24A and 24B, bar code symbol printing engine 62 comprises a 
base plate 405 on which a conventional bar code printing engine 406 is 
mounted, and a printing engine housing 407 that encloses the engine and 
connects to base plate 405 in a snap-fit manner. Housing 407 has an aperture 
408 in its top panel to permit the substrate 409 on which bar code labels 410 
are printed. Base plate 405 has a pair of spaced apart slots 411A and 411B, 
which are adapted to receive and engage projections 401A and 401B, 
respectively. 
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As shown in FIG. 25, base unit 61 comprises a number hardware and software 
components, namely: a power supply circuit 273; a receiving antenna element 
415; an RF carrier signal receiver circuit 416; a data packet storage buffer 
418; a base unit system controller 419; a data packet frame check module 420; 
a transmitter number identification module 421; a data packet number 
identification module 422; a symbol character data extraction module 423; a 
data format conversion module 424; an acoustical acknowledgement signal 
generation circuit 425; serial data transceiver circuit 426; and input/output 
(I/O) register 428. In the illustrative embodiment, a programmed 
microprocessor and associated memory (i.e., ROM and RAM) mounted on PC board 
68, indicated by reference numeral 430, are used to realize base unit system 
controller 419 and each of the above-described data processing modules 420 to 
424. The details of such a programming implementation are known by those with 
ordinary skill in the art to which the present invention pertains. 

As shown in FIG. 25, the output of the symbol character data extraction 
module is provided to data format conversion module 424. The output of data 
format conversion module 424 is connected to serial data transceiver circuit 
426. In turn, serial data transceiver circuit 426 is connected to the serial 
data input port of host computer 64, as shown. Notably, serial data 
transceiver circuit 426 is enabled by an enable signal E.sub.DST =1 produced 
by the base unit system controller. In all other respects, the architecture 
of base unit 61 is substantially similar to the base unit of the first 
illustrative embodiment. 

The overall operation of base unit 61 will be described, below with reference 
to the control process shown in FIG. 26. 

Prior to entering Block A in FIG. 26, only serial data transceiver circuit 
426, base unit system controller 419 and radio receiver circuit 416 are 
activated, while all other system components are disabled. As illustrated at 
Block A in FIG. 26, the base unit system controller 419 determines whether 
activation control signal A.sub.SD =1 has been received. If this control 
activation signal is received, then at Block B, the base unit system 
controller enables the I/O register 428 to direct the received serial data to 
the printing engine 406. Thereafter, the base unit system controller returns 
to Block A in FIG. 26. 

If at Block A, the base unit system controller does not receive control 
activation signal A.sub.SD 32 1, but rather A.sub.SD =0, then the base unit 
system controller proceeds to Block C in FIG. 26. At this control block, 
radio receiving circuit 416, system controller 419, and serial data 
transceiver 426 are the only active system components; all other system 
components are inactive (i.e., disabled) including base unit system 
controller 419, data packet storage buffer 418, data packet frame check 
module 420, transmitter number identification module 421, data packet number 
identification module 422, symbol character data extraction module 423, data 
format conversion module 424, acoustical acknowledgement signal generation 
circuit 425, and serial data transceiver circuit 426. With the radio 
receiving circuit 416 activated, base unit 61 is capable of receiving any 
modulated carrier signal transmitted from any of the bar code symbol reading 
devices within the data transmission range of the base unit. 

At Block D in FIG. 26, radio receiving circuit 416 determines whether it has 
received a transmitted carrier signal on its receiving antenna element 415. 
If it has, then the radio receiving circuit generates a system controller 
activation signal A. sub. 7 which activates base unit system controller 419 
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shown in FIG. 25. Then at Block E, the base unit system controller activates 
(i.e., enables) data packet storage buffer 418 and data packet frame check 
module 420 by producing activation control signals E. sub. SB =1 and E.sub.PFC 
=1, respectively. At Block D, the base unit system controller determines 
whether it has received an acknowledgement (i.e./ control activation signal 
A.sub.PFC =1) from the data packet frame check module, indicating that the 
received data packet is properly framed. If the received data packet is not 
properly framed, then the base unit returns to Block A in order to redetect 
an incoming carrier signal. However, if the received data packet is properly 
framed, then at Block G the base unit system controller enables the 
transmitter number identification module by generating enable signal 
E. sub. TIP ==1. 

At Block H, the base unit system controller determines whether it has 
received an acknowledgment (i.e., control activation signal A. sub. TIP ==1) 
from the transmitter number identification module that the received data 
packet contains the correct transmitter identification number (i.e., the same 
number assigned to the base unit and stored in storage unit 417). If the 
Transmitter Identification Number contained within the received data packet 
does not match the Base Unit Identification Niimber stored in storage unit 
417, then the base unit system controller returns to Block A, whereupon it 
resumes carrier signal detection. If, however, the Transmitter Identification 
Number contained in the received data packet matches the Base Unit 
Identification Number, then at Block I the base unit system controller 
enables the data packet number identification module 422 by generating enable 
signal E.sub.DPIP =1. 

At Block J in FIG. 26, the base unit system controller determines whether it 
has received an acknowledgment (i.e., control activation signal A.sub.DPIP 
=1) from the data packet identification module indicating that the received 
data packet is not a redundant data packet (i.e., from the same transmitted 
at a packet group) . If the received data packet is a redundant data packet, 
then the base unit system controller returns to Block A, whereupon carrier 
signal detection is resumed. If, however, the received data packet is not 
redundant, then at Block K the base unit system controller enables symbol 
character data extraction module 423 by generating enable signal E.sub.PE =1. 
At Block L, the symbol data extraction module reads the symbol character data 
contained in the received data packet, checks the data for statistical 
reliability, and the writes the extracted symbol character data bytes into a 
storage buffer (not explicitly shown) . Then as indicated at Block M, the base 
unit system controller enables the data format conversion module 424 by 
generating enable signal E.sub.PFC =1. In response to this enable signal, 
data format conversion module 424 converts the data format of the retrieved 
symbol character data and then buffers the format-converted symbol character 
data bytes. 

When the data format conversion process is successfully completed, the base 
unit system controller proceeds to Block N and enables the serial data 
transceiver circuit 426 by generating enable signal E.sub.PSW =1. At this 
stage of the control process, the format-converted data is transmitted from 
serial data transceiver circuit 426, to the serial data input port of host 
computer system 64 using serial data transmission techniques well known in 
the art. When the serial data transmission process is successfully completed, 
the base unit system controller enables at Block 0 the acoustical 
acknowledgement signal generation circuit 425 by producing enable signal 
E.sub.AA =1. In response to the production of this enable signal, acoustical 
acknowledgment signal generation circuit 425 generates a high intensity 
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acoustical signal, as described above^ in order to inform the user that a 
transmitted data packet has been received and that the symbol character data 
packaged therein has been successfully recovered and transmitted to the host 
computer. Thereafter, the base unit system controller returns to the Block A, 
as shown. 

The fifth illustrative embodiment of the base unit of the present invention 
will now be described in greater detail with reference to FIGS. 27 to 30. 

As shown in FIG. 21, base unit 61' is similar in many respects to the fourth 
illustrative embodiment of the base unit, shown in FIGS. 6A to 6D and FIG. 
24C. As shown, base unit 61' is interfaced with host computer system (e.g., 
desk-top computer) 64 having a CPU 64A, video display monitor 64B and a 
keyboard 64C. CPU 64A is interfaced with base unit 61' by way of serial data 
communication cable 65, and keyboard 64C is interfaced with base unit 61 by 
way of serial data communication cable 440. Power cable 66 is connected to a 
connector jack on PC board 68' inside base unit 61* and supplies electrical 
power to primary transformer 67 by way of wires 69 and a conventional current 
chopper circuit 412 on PC board 68*. As shown, PC board 68' is mounted on 
base plate 400, whereas keyboard cable input jack 440 is mounted on base 
plate 400, for receiving the connector cable of a conventional keyboard. Base 
unit housing 73' is adapted to snap-fit onto base plate 400. As shown, base 
unit housing 73 has a keyboard jack aperture 441 to permit a keyboard 
connector insert into keyboard cable input jack 440. Circular aperture 404 is 
provided in the top panel of housing 73' to permit the energy of acoustical 
acknowledgment signals emanate from the electroacoustical transducer 445 
mounted on PC board 68 * . 

As shown in FIG. 29, base unit 61' comprises substantially the same hardware 
and software components employed in the fourth illustrative embodiment of the 
base unit shown in FIG. 25, namely: power supply circuit 273; receiving 
antenna element 415; RF carrier signal receiver circuit 416; base unit 
identification number storage unit 417; data packet storage buffer 418; base 
unit system controller 419; data packet frame check module 420; transmitter 
number identification module 421; data packet number identification module 
422; symbol character data extraction module 423; an ASCII-Data-to-Keyboard- 
Scancode conversion module 442; acoustical acknowledgment signal generation 
circuit 425; and data switching circuit 443. In the illustrative embodiment, 
a programmed microprocessor and associated memory (i.e., ROM and RAM) mounted 
on PC board 68', indicated by referenced numeral 430, are used to realize 
base unit system controller 419 and each of the above-described data 
processing modules 418 to 424 and 442. The details of such a programming 
implementation are known by those with ordinary skill in the art to which the 
present invention pertains. 

As shown in FIG. 29, the output of the symbol character data extraction 
module is provided to ASCII-Data-to-Keyboard-Scancode conversion module 4 42. 
Also, the serial data output port of ASCII-Data-to-Keyboard-Scancode 
conversion module 442 is connected to one data input port of data switching 
circuit 443, whereas the serial data output port of keyboard 64C is connected 
to the other data input port of the data switching circuit 443. In turn, the 
serial data output port of the data switching circuit 443 is connected to the 
serial data input port of host computer 64, as shown. Notably, the operation 
of data switching circuit 443 is normally activated (i.e., enabled) 
independent of base unit system controller 119 so that serial data output 
from the keyboard is routed through the data switching circuit to the host 
computer keyboard port. In all other respects, the architecture of base unit 
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61' is substantially similar to the base unit of the fourth illustrative 
embodiment . 

The overall operation of base unit 61' will be described below with reference 
to the control process shown in FIG. 30. 

At control Block A in FIG. 30, radio receiving circuit 415 is the only active 
system component; all other system components are inactive (i.e., disabled) 
including base unit system controller 419, data packet storage buffer 418, 
data packet frame check module 420, transmitter number identification module 
421, data packet number identification module 422, symbol character data 
extraction module 423, ASCII-Data-to-Keyboard-Scancode format conversion 
module 424, and acoustical acknowledgment signal generation circuit 425. With 
the radio receiving circuit 416 activated, base unit 61' is capable of 
receiving any modulated carrier signal transmitted from any of the bar code 
symbol reading devices within the data transmission range of the base unit. 

At Block B in FIG. 30, radio receiving circuit 415 determines whether it has 
received a transmitted carrier signal on its receiving antenna element 415. 
If it has, then the radio receiving circuit generates a system controller 
activation signal A. sub. 7, which activates base unit system controller 419. 
Then at Block C, the base unit system controller activates (i.e, enables) 
data packet storage buffer 418 and data packet frame check module 420 by 
producing activation control signals E. sub. SB =1 and E.sub.PFC =1, 
respectively. At Block D, the base unit system controller determines whether 
it has received an acknowledgment (i.e., control activation signal A.sub.PFC 
=1) from the data packet frame check module, indicating that the received 
data packet is properly framed. If the received data packet is not properly 
framed, then the base unit returns to Block A in order to redetect an 
incoming carrier signal. However, if the received data packet is properly 
framed, then at Block E the base unit system controller enables the 
transmitter number identification module by generating enable signal 
E. sub. TIP ^1. 

At Block F, the base unit system controller determines whether it has 
received an acknowledgment (i.e., control activation signal A.sub.TID =1) 
from the transmitter number identification module that the received data 
packet contains the correct transmitter identification number (i.e., the same 
number assigned to the base unit and stored in storage unit 417) . If the 
Transmitter Identification Number contained within the received data packet 
does not match the Base Unit Identification Number stored in storage unit 
417, then the base unit system controller returns to Block A, whereupon it 
resumes carrier signal detection. If, however, the Transmitter Identification 
Number contained in the received data packet matches the preassigned Base 
Unit Identification Number, then at Block G the base unit system controller 
enables the data packet number identification module 422 by generating enable 
signal E.sub.DPID =1. 

At Block H in FIG. 26, the base unit system controller determines whether it 
has received an acknowledgment (i.e., control activation signal A.sub.DPID =1 
from the data packet identification module indicating that the received data 
packet is not a redundant data packet (i.e., from the same transmitted data 
packet group) . If the received data packet is a redundant data packet, then 
the base unit system controller returns to Block A, whereupon carrier signal 
detection is resumed. If, however, the received data packet is not redundant, 
then at Block I the base unit system controller enables symbol character data 
extraction module 423 by generating enable signal E.sub.DE =1. At Block J, 
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the symbol data extraction module reads the symbol character data contained 
in the received data packet, checks the data for statistical reliability, and 
then writes the extracted symbol character data bytes into a storage buffer 
(not explicitly shown) . Then as indicated at Block the base unit system 
controller enables the ASII-data-to-Keyboard-Data format conversion module 
4 42 by generating enable signal E.sub.DFC =1. In response to this enable 
signal, data format conversion module 442 converts the data format of the 
retrieved symbol character data and then buffers the format-converted symbol 
character data bytes. 

When the data format conversion process is successfully completed, the base 
unit system controller proceeds to Block L and enables data switching circuit 
443 to output the converted scan codes to the host keyboard port, by 
generating enable signal E.sub.DSW ==1, At this stage of the control process, 
the format-converted data is transmitted through data switching circuit 443 
to the serial data keyboard input port of host computer system 64, using 
serial data transmission technigues well known in the art. When the serial 
data transmission process is successfully completed, the base unit system 
controller enables, at Block M, the acoustical acknowledgement signal 
generation circuit 425 by producing enable signal E.sub.AA -1. In response to 
the production of this enable signal, acoustical acknowledgment signal 
generation circuit 425 generates a high intensity acoustical signal, as 
described above, in order to inform the user that a transmitted data packet 
has been received and that the symbol character data packaged therein has 
been successfully recovered and transmitted to the host computer. Thereafter, 
the base unit system controller returns to the Block A, as shown. 

It is appropriate at this juncture to illustrate the automatic hands-on and 
hands-free modes of operation of the system while utilized in different 
mounting installations. For purposes of illustration only, the system of the 
first illustrative embodiment shown in FIGS. 1 to 3A will be used to 
illustrate such mounting illustrations. 

^ffi€teg A point-of-sale station is shown in FIGS. 31A to 31D, as comprising an 
electronic cash register 6 operably connected to the automatic bar code 
reading system of the first illustrative embodiment by way of flexible 
communication cable 7. Low voltage DC power is €-=- provided to base unit 3 by 
way of flexible power supply cable 8. In this particular mounting 
installation, base unit 3 is supported on a horizontal countertop surface. If 
necessary or desired in such mounting installations, the base plate of base 
unit 3 may be weighted by affixing one or more dense mass elements to the 
upper surface of the base plate. 

With automatic bar code reading device 2 supported within scanner support 
stand portion of the base unit, as shown in FIG. 31A, the system is 
automatically induced into its automatic long- range hands-free mode of 
operation. However, owing to the positioning of both object detection and 
scan fields in this mounting installation, only bar code symbols located on 
small, very low profile objects can be easily read. In order to induce the 
system into its short-range hands-on mode of operation, the user simply 
encircles the handle portion of the hand-supportable device with his or her 
fingers, and then lifts the device out of the scanner support stand, as shown 
in FIGS. 31B. Upon lifting the device out of its stand, the range selection 
circuit 115 (e.g., including a Halt-effect magnetic flux sensor (mounted in 
the handle of the housing) detects the absence of magnetic flux produced from 
a permanent magnet mounted in the support stand, and automatically generates 
the short-range control activation signal (i.e., R.sub.l =0). The details of 
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this range mode-selection mechanism can be found in copending application 
Ser. No. 07/761,123, supra. 

With the automatic bar code reading device held in the user's hand, and a bar 
coded object 435 in the other hand, the object is moved into the short-range 
portion of the object detection field as shown in FIG. 31C, where the object 
is automatically detected, and bar code symbol 436 automatically scanned 
while the visible laser beam is repeatedly scanned across the scan field. 
After the bar code symbol has been successfully read (i.e., detected and 
decoded) and a transmitted data packet containing symbol character data has 
been received and processed at base unit 3 in a manner described hereinabove, 
a highly audible acoustical acknowledgement signal sack of a predetermined 
pitch is produced from the base unit. Thereafter, the bar code reading device 
is placed back within the scanner support stand, as shown in FIG. 31D, where 
it is once again induced into its long*range hands-free mode of operation. 

In FIGS. 32 to 33B, a point-of-sale station is shown comprising the automatic 
bar code reading system of the present invention operably connected to 
electronic cash register 6 by way of flexible communication and power supply 
cables 7 and 8. In this particular mounting installation, base unit 3 and its 
associated scanner support stand are pivotally supported above a horizontal 
counter surface by way of a pivotal joint assembly 265 connected to pedestal 
base 266 mounted under the electronic cash register, as shown. When installed 
in the manner illustrated, scanner support stand 3 can be adjustably 
positioned and locked into virtually any orientation in three-dimensional 
space, owing to the three principle degrees of freedom provided by the 
pivotal joint assembly. In FIC 8 . 16A; 1 8 / 1 8 B and 1 8 C; thcoc dcgrcco of 
freedom arc illuotratcd with rcopoct to the cartOQian GoordinQtc oyotcm ohown 
embedded within the pivotal joint Qpocmbly of the pcdeatal mounted ocanncr 
oupport atand. 

With automatic bar code reading device positioned within scanner stand 
portion of base unit 3 as shown in FIG. ^r&7- 32, the system is automatically 
induced into its long-range hands-free mode of operation by way of the 
magnetic flux sensing technigue disclosed in operation . copending application 
Ser. No. 07/761,123. By simply moving object ^435 into the object detection 
field, the bar code symbol ^ 436 is repeatedly scanned by the visible laser 
beam scanned across the scan field. To induce the automatic bar code reading 
system into its short-range hands-_on mode of operation, the user simply 
grasps the automatic bar code reading device and lifts it out of the scanner 
support stand, as illustrated in FIG. 17A. 33A. Then, by placing object ^435 
into the short-range portion of the object detection field field; as shown in 
FIG. 33B, the object is automatically detected and bar code symbol ^ 4 36 
scanned by the visible laser beam repeatedly scanned across the scan field. 
After the bar code symbol has been successfully read and an audible 
acoustical acknowledgment signal and/or viaible indication thereof 
produeod/ produced as herebefore described, the automatic bar code reading 
device can be placed back into the scanner support stand, automatically 
inducing the system into its long - long- range hands-free mode of operation. 

Having described the preferred embodiments of the present invention, several 
modifications come to mind. 

For example, in alternative embodiments of the present invention, the 
automatic hand - oupportablc portable bar code symbol reading device may not 
incorporate within its housing, electronic circuitry for carrying out 
control, decoding and other data processing funotiono; — inotead f unctions . 
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Instead such electronic circuitry may be contained within a remote unit 
operably associated with the hand-supportable device by way of the flexible 
scanner cable. In thio cmbodimGnt; such embodiments^ the hand-supportable 
device will function as an automatic hand-supportable laser ooannor. 
AltornativGly; tho houoing may be adaptod for hand - mounting . scanner, rather 
than a bar code symbol reader. 

The automatic bar code reading dovioo and ocanncr oupport atand of the proocnt 
invention providoa q fully automatic bar oodo reading oyotom oharaotcrigod by 
a automatic long - rango hando - froo and ohort - rango hando - on mode of oporationy 
high - opood oymbolrcGognition; — and vcroatility. 

Tho automatio hand - oupportablc bar code reading dcvico of the prGoont 
invontion hao been provided with system of the present invention is capable of 
performing a wide variety of complex decision-making operations in real-time , 
endowing the system with a level of intelligence hitherto unattained in the 
bar code symbol reading art. Within the spirit of the present invention, 
additional decision-making operations may be provided to further enhance the 
capabilities of the system. 

While the particular illustrative embodiments shown and described above will 
be useful in many applications in code symbol reading, further modifications 
to the present invention herein disclosed will occur to persons okillcd with 
ordinary skill in the art. All such modifications are deemed to be within the 
scope and spirit of the present invention defined by the appended claims to 
invention. 
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